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FOREWORD

The study reported hereln represente a partial fulfillment of the ob~
jectives of the Department of the Army Research and Development Project
1-7-0-62103-A~046, "Trafficability and Mobility Research," Task 02, "Sur-
face Mobility," sponsored by_the Research, Development and Engineering Di-
rectorate, U. S. Army Materlel Command. Parte of the analysls and report
preparation were conducted under Project 1-T-0-62112-A-131, "Environmental
Constraints on Materiel." .

Acknowledgment is made to personnel of the Vicksburg Research Center
(no longer in existence) of the Southern Forest Experiment Station, U. S.
Forest Serfice, U. S. Department of Agriculture, who helped make arrange-~
ments for and participated in the collection of field data used in this
study. Ackn~wiedgment is also made to personnel of the agencies listed
below who assisted in collecting and supplying data.

U. 3. Porest Service Experiment Stations:

Intermountain
Lake States
Northeastern
Pacific Southwest
Rocky Mountain
Southeastern
Southern

U. S. Soil Conservation Service Stations:

Coshocton, Ohio
East Lansing, Michigan
State College, Mississlppi

Educational Institutions:

Purdue University .
South Dakota School of Mines and Technology

University of Illinois

Best Available Copy



University of Missouri
University of Nebraska
University of South Carolina

Field work was conducted during 1951-1957.

The study was completed by personnel of the Terrain Analysis Branch
(TAL), Mobility and Environmental (M&E) Division, U. S. Army Engineer
Waterways Experiment Station (WES), under the general supervision of
Messrs. W. G. Shockley, Chief, M&E Division; S. J. Knight, Assistant Chief,
M&E Division; W. E. Grabau, Chief, TAB; E. S. Rush, Engineer, Vehicle
Studies Branch, M&E Division; and M. P. Meyer, Engineer, TAB. The data
were analyzed and the report was written by Mr. J. G. Collins.

Directors of the WES during the final preparation of this report
were COL Levi A. Brown, CE, and COL Ernest D. Peixotto, CE. Technical

Director was Mr. Frederick R. Brown.

vi




FOR WORD . . L) . » . L] . * * . .

CONVERSION FACTORS, BRITISH TO
SUMMARY . . . ¢ ¢ s & ¢« o o &
PART I: INTRODUCTION . . . .

Background . . . . . . .
Purpose . . . . . . . .
Scope . . . . e e e .

PART II: ANALYSIS OF DATA . .

Rating Cone Index (RCI)
Remolding Index (RI) . .

CONTENTS

METRIC UNITS OF

* & o o s s 8 o

e * e e o & & o+

5 e & e o e o

e o & o o ¢ o s o o

Cone Index {CI) . . . ..

o 8 o e & o o

a o o o e o o

e & e o o o+ o o

PART III: PREDICTION OF SOIL STRENGTH . .

Cone Index « . « . « o
Rating Cone Index . . .

e o o o v e e o

e & o o o o o

PART IV: CONCLUSICNS AND RECOMMENDATIONS . .

Conclusions . « « . . &

Recommendations . . « . . .

LITERATURE CITED . . . . . . .
TABLES 1-3
PLATES 1-32
APPENDIX A: BRASIC D'TA . . .

Site Characteristics . .
Soil Physical Properties

. . e
e o o s o .
e o o e o o

¢ o o o .

Soil Moisture-Strength Data . . . . .

TABLES Al-A3

APPENDIX B: SOIL STRENGTH MEASURES . . . . . .

Cone Index . 4 ¢ ¢« ¢ o« o &

Remolding Index . . . .
Rating Cone Index

vii

e o .
e o o o .
LI o o
e o .
o o .« 2 .
o o o o
o o .
o e o o
» e o o o
s o o .

. o e
e o o ¢« o
. » o e
. . e o

. -
s o . .

e o

. .

o

e o .

o e .
-----
. . .

. . .
. . .
o o

* o
s e o o

o o o ¢

o o & ¢ o
e o .

o .

. o o

. . o

;-

w W
D O OVODON O FeEH o

& &
AN W

= =
[oeXe)N

A%
(@




CONVERSTON FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement used in this repert can be converted to metric

units as follows:

Multiply

inches

feet

square inches
square feet
pounds

pounds per square inch

pounds per cubic foot

B
2.54
0.3048
6.4516
0.092903
0.45359237
0.070307

156.0185

ix

To Obtain

certimeters
meters

square centimeters
square meters
kilograms

kilograms per
square centimeter

kilograms per cubic
meler




SUMMARY

The primary objective of this study was to derive relations hetween
soil strength and other soil properties that can be used to predict soil
trafficabiluty.

Data from 95 test sitoes were used. Although all of the sites were
located in the continental United States (and therefore within the temper-
ate zone) they varied greatly with respect to soil, climate, and
physiography.

The measures of soil strength analyzed were cone index (CI), rating
cone index (RCI), and remoiding index (RI). Soil properties analyzed with
crespect to strength included moisture content (MC); classes as defined by
the U. S. Department of Agriculture (USDA) textural soil classification
system and the Unified Soil Classification System (USCS); USDA send, silt,
and clay contents; USCS fines content: Atterberg liquid limit, plastic
limit, and plasticity index; organic matter content; and dry density.
Analyses were based only on data from the 6- to 12-in, soil layer.

Logarithmic equations (linear with logarithmic coordinates) were
statistically derived for each set of CI-MC and RCI-MC data for a site with
three or more cbservations. From thuse sites with significant (5% level)
relations, data from 72 and 33 sites were selected for additiznal CI and
RCI analyses, respectively. For the selected sites, values of MC at two
levels of CI and RCI (called CI-MC and RCI-MC ccefficients) were computed
from the above~noted equations; relations between the coefficients and soil
properties were then statistically derived. Results of these analyses in-
dicated the following:

a. CI and RCI decrease with an increase in MC.

b. Arithmetic slopes of CI-MC relations are approximately paral-

lel regardless of soil characteristics. Aritimetic slopes of
RCI-MC relations tend to become flatter with decreases in
grain size or increases in plasticity.

. CI and RCI are very sensitive {o changes in MC.

i o
.

Significant relations exist between MC at given levels of CI
and RCI and several soil properties.

Valaes of M at given levels of CI and RCI increase with a
decrease in grain size or an inecrease in plasticity.

|o
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. AL a given IC, changes in Cl ana RCI are associated primarily
with clay and/or sand contents when the USDA soil separates
are considered and with plastic and/or liquid limits when the
Atterherg limits are considered.

Two general methods c¢f predicting CI and RCI were develcped. The
first method was based on the relations between soil properties and MC at
given levels of CI and RCI; required inputs are soil properties and an MC.
The second method was based on the relation between CI-}MC coefficients and
the relation between RCI-MC coefficients; required inputs are s representa-
tive CI-MC or RCI-MC observation. Predictions were made with data used in
developing relaticns; acruracies were not good. Basel on the Atterberg
limits, for example, standard deviations of predicted CI ranged from about
27 et a CI level of 50 to about 133 at a CI level of 300; for RCI, stand-
ard deviations ranged from about 19 at an RCI level of 25 to about 9h at
an RCI level of 200.

Logarithmic equations were also derived for each set of RI-MC data
with three or more observations; too few (18) relations were significant to
proceed with the same types of analyses used for CI and RCI. Relations
were established, however, between mean RI (RI) and soil properties; 52
sites with standard deviations from the mean of <0.08 RI unii were se-
lected for this purpose. Results were as follows:

a. Significant relations exist between RI and several soil
properties.

b. RI increases with a decrease in grain size or an increase in
plasticity.

Because of the relation that exists between the three strength meas-
ures studied, i.e., RCI = (CI)(R1), RI-MC-scil property relations were
studieu using the previously derived CI and RCI relations. Results were as
follows:

a. For most soils RI decreases with an increase in MC. 7The sen-
sitivity of RI to changes in MC decreases with a decreasc in
grain size or an increase in plasticity, apparently to a
point where RI is not associated with MC.

b. At a given MC, changes in RI are associated primarily with
clay and/br sand contents when the USDA soil separates are
considered and with plastic and/br liquid 1limits when the
Atterberg limits are considered.

Two appendixes are included in whi~h the basic data and procedures
used in obtaining the basic data are presented.

xii
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FORECASTING TRAFFICABILITY OF SOILS

RELATIONS COF STRENGTH TO CTHER PROPERTIES OF
FINE-GRAINED SOILS AND SANDS WITH FINES

PART I: TINTRODUCTION
Background

1. fThe U. S. Army Engineer Waterwsys Experiment Station (WES) was
introduced to the field of trafficability in 1945. At that time WES was
requested by the Engineer Board (now the U. S. Army Mobility Equipment Re-
search and Development ‘enter) to assist in developing procedures for meas-
uring soil trafficability in order that th: off-road performance of mili-
tary vehicles could be predicted. In response to this and subsequent re-
guests, several test programs designed to establish soil-vehicle perform-
ance relations were conducted. Some of the results of tests on fine-
grained soils and sands with fines, poorly drained are discussed in the
following subparagraphs.

a. A trafficuble soil condition was defined as being one that
permits L0-50 passes, with stopping if necessary, of a
given vehicle operating at slow speeds in the same ruts.
This condition also allows the vehicle to enter the area,
stop, back out of the ruts while turning, and retreat from
the area.

b. The 6~ to 12-in.¥* soil layer was considered to be the criti-
cal layer because the strength of this layer could be re-
lated to the B0O- to S50-pass performance of most military
vehi .les.

c. For prepared soils {reworked to uniform moisture and density
conditions) consistent relzations were found to exist between
the cone index {a measure of soil strength) of the critical
layer and vehicle performance.

d. Tor natural soils it was found that soil strength aimost

T always changes with traffic, and that the remolded strengih
(rating cone index, RCI) of the critical layer is closely
related to vehicle performance.

* A table of fuctors for converting British units of measurement to metric
units is given on page ix.




e. For each vehicle tested e minimum RCI {vehiclie cone index,
T veI) was found to exict, below which the vehicle could not
:omplete U40-50 passes. VCI ir Jdependent uper aad can be
estimated from vehizle parameters, but it is independent of
soil charascteristics. A condensed tabulation of VCi's of
standard military rehicles folilows.
Vehicle
Cone
Index
Range vehicle and VYehiele Types

20-29  M2GC weasel, MT6 otter, Canadian snowmebile, and some

a

lightweight experimental vehicles, Eusmple: VCI of
M29C weasel = 25.

30-49  Engineer and high-speed tractors with comparstively

wide tracks and low contact pressures. Examples:
VCI of D7 engineer tractor = 40; VCI of M1iik armored

A
‘O

personnel carrier = 37.

50-59 Tractors with average contact pressures, tands with

comparatively low contact pressures, and scime irailed
vehicles with very low contact pressures. Example:
VCI of M48 medium tank = 52.

(G0-69  Most medium tanks, tractors with high contact pres-

surzs, and all-wheel-drive trucks and trailed ve-
hicles with low contact pressures. Ixample: VCI of
M135, 2-1/2-ton truck = 62,

T0-79 Most all-wheel-drive trucks, a greai number of trailed

3

vehicles, and heavy tanks. Example: VCI of 1-1/2-
ton, bxl dump truck = T3.

80-99 A great number of all-wheel-drive and rear-wheel-drive

trucks, and trailed vehicles intended primarily for
highway use. Example: VCI of 1/2-tcn, hx2 pickup
truck = 838.

100 or Rear-vheel-drive vehicles and others that generally are
greater not expected to operate off roads, especially in wet

soils. Example: VCI of 5-ten, #x2 éump truek = 119.

The procedures for measuring the trafficabiliiy of soils developed from ine

test programs satisfied the original request of the Fngineer Board.

Recently, investigations have been made into variable pass per-

formances of vehicles on fire-grained soils. Results are not yet conclu-
In accordence with the L0- to 50-pass criteria, however, indications
are that the capability of a vehicle for completing a given number of

passes on a given soil, provided that adequate traction capacity exists,

[P —
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is dependent upon the cone index (CI) of a particular soil layer corrected
for remolding effects. The results indicute thet the depth at which the
critical layer lies is a function of vehicle contuct pressure. TFor most
military vehicles results terd to confirm that the 6- to 12-in. layer is
the critical layer, but that the critical leyer lies 4t shallower depths
for tracxed vehicles and at deeper depths for very heavy, whesled vehicles.
Also, indications are that the emount of soil remclding bYeneath & vehicle
increases with on increase in numbder of passes and that results from the
standard remolding tests, which were designed to measure soil remolding on
a 40- o S50-pass basis, are no% directly applicabie if only one pass or a
few passes of & vehicle are made.

3. Earlier studles at the WES showed that for a given soil, strength
changes are closely related 1o changes in moisture content. At the request
of the Corps of Engineers,; a study was initiated in 1951 by the Fcrest
Service, U. S. Department of Agriculture (USDA), to develop metheds for
predictirg moisture coutent of the 6- to 12-in. soil layer. Specifications
were that the methodology be based on data readily zvailable cor on data
easily obtainable in tre field.

4, A program was initiated tc collect data from 2 large number of
siten diverse in soil. climate, and physiography in order that a widely
cpplicable method for predicting moisture could bs derived. Sites were
esteblished near Vicksburg, Misc.; teams were sent to Forest Service sta-
tions in various states to maintain sit2 networks for at least one year;
and arrangements werc made with various universities and governmental
agencies to collect jata. A method for predicting soil moisture for fine-
grained soil and sands with fines, poorly drained was developed and re-
ported by the WES in 1959.%°

5. So0il strength data rere also tarxen on 2 periodic bhssis at the
above-ncted sites. Coincident with and since the development of a moisture
prediction system, studies have been made to establish relations petween
soil strength and other soil properties. These relations can be used in
conjunction with the moisture prediction system to predict and possibly

forecast soil trafficability.
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6. The purpose of this report is to present relations between soil
strength and other soil propertics, to explain how these relations were
derived, and to show how they can be used in the prediction of soil
trafficability.

Scape

T. Data collected during i991-31957 from 95 test sites were used in
this study. The sites were located in 20 statzs in the continental United
States; general locations are shown in fig. 1. Although all sites were
situated within ths temperate zone they varied greatly with respect to
soil, climate, and physicgraphy. Data were collected »nly for fine~grained
soils and sands with f{ines.

8. fThe measures of soil strength analyzed in this study were cone
index (CI), remolding index (RI), and rating cone index {RCI). (The
strength of s=oil, in situ, was measured with a cone peretrometer heving a
30-deg right cirzular cone with a basal area of 0.5 sq in. mounted on a
5/8-in.~diam staff; the penetrcmeter provided meximum readings of 700 CI.)
Soil properties analyzed with respect to strength included moisturz con-
tent; classes as defined by the USDA textural soil classification system
and Unified Soil Classification System (USCS); USDA sand, silt, and clay
contents; USCS fines content; Atterberg liquid iimit (LL), plestic limit
(PL), and plasticity index {PI); organic matter content; and dry density.
Analyses were vased only on data from the 6- to 12-in. soil layer; there-
fore, results apply directly only to that layer.

9. Single~ and multiple-factor relations were established between
the soil strength measures and soil properties. Procedures for using de-
rived relations for the prediction of CI and RCI *sere developed and
evaluated.

4
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PART II: ARNALYSTS OF DATA

10. Analyses pertaining to CI, RCI, ana Ri are discussed zeparately
herein. 3ome RI relations were established indirectly, i.e., cn the basis
of previously derived CI and RCI relations. For this reason, analyses per-
taining to RI are presented last in this section.

11. Data on strength, moisture content (MC), and other physical
properties of the soil are presented in Appendix A. Site descriptive
data, although not used in the analysis, are also included for information
purposes. The equipment used and procedures followed in measuring soil

strength are presented in Appendix B.

Cone Index (CI)

12. revious studies both in the laboratory and in the fiecld have
shown that for a given soil, an increase in MC is associated with a de-
crease in CI. Lzboratory studiese'h have indicated that a relatively
smooth, practically scatter-free curve of MC versus CI exists for a given
soil (and given compactive effort), and moreover that the curve shape {but
not its position on the axes) is generally similar for a wide variety of
finr-grained soils. Although it was known that field data seldom produced

smooth, scatter-free curves 0r9»3:9°7

the laboratory resuits suggested that
it would be worthwhile to pursue the following approach for establishing
CI-soil property relations: (a) express the relation between CI and soil
MC for each site with ore standard equation form, (b) select ccefficients
that would define the CI-MC relation for each site, and (c¢) relate the co-
effi ients to individual scil properties and combinati-ns of soil proper-
ties. The ensuing analyses are Jdiscussed in the f{ollowing paragraphs.
CI-MC relations

13. CI values that were used in the CI-MC analysis were averaged for
a given visit to a site. These site-visit averages are referred to as CI
values or measurements in this report. It was recoenized that some of
these values were not true site averages because 300+ readings were in-

cluded {sue paragraph 6 cof Appendix B). Uo attempt was made to eliminate
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all site avergge values that inecluded 300+ readings. iowever, to elimi-
nate some of the erroneous data, site average valves of 00+ werc excluded
in all CI-MC relation derivations.

14. A brief résumé of data that remained for aralysis is tabulated

below.

No. of CI-MC No. of No. of CI-MC No. of
Qbservations Sites Observations Sites

0-2 0 30-39 S

3-9 1h 40-k49 9

10-19 L8 50-59 4

20-29 12 60+ 3

Total 95

A sufficient number of observations (i.e. thrce or more) were made at 2ll
sites to stavisticslly derive and evaluate CIi-HC relations.
15. Selection of eguation form. The general trend of decreasing CI

with increasing MC has been found in both field and laboratory studies.

The trend of plotted field data for a site with maximrm CI values of 300
can seldom be pesitively distinguished as being something other than lin-
ear (see plate 1). However, plotted results of laboratory tests with proc-
essed soilsz’3 and field tests with CI values ranging to 7505’7 ususlly

form distirct curvcs that are approximately logarithmic in form, i.e.
in CI = a + b(ln M)

16. An attempt was made to determine whether the linear or logarith-
mic equation form was more appropriate for exnressin~ the relation between
field-measured CI and MC. Correlation coefficients were computed using
both arithmetic and logarithmic values of CI and MC for each of the 95 sets
of data. V¥hen carried to three dec.mal places the correlation coefficients
based on logarithmic values were highe.s for L3 sets of data and lower for
51 sets {values were equal for one set of ucta)., Although slightly favor-
ing a linear relation, the difference in the abor-e-mentioned numbers was

nonsignificant and could easily be attributed to chence. Furthermore,
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correlation coefficients were nearly the same in all cases, the largest

difference in correlation coefficients Tevoring the lincar relation for

14

given set of dsta being only 0.035.

17. Tt was also recognized that three factors would tend to mask a
curvilinear relation: (a) the scatter of data, (b) the short ranges over
which CI and MC were generally measured, and (¢) the inclusion of site
average CI's that were based on one or more 300+ readings (these would
tend to be lower than the true CI values and be clustered at low moisture
contents).

18. It was finally decided to relate CI and MC on a logarithmic
basis primarily because of the following reasons.

a. The relations for data obtained in laboratory studies and in
field tests with CI values ranging to 750 were approximately
logarithmic in form.

b. The use of a logarithmic equation eliminated the possibility
of extrapclating into negative CI and MC ranges.

18. Derivation of relations. An attempt was first made to derive

CI-MC relations using conventional regression analysis techniques. Re-
sults, however, indicated that high CI (the dependent variable) values were
being estimated low and low CI values were being estimated high, a common
pheromenon associated with the regression analysis.

20. It was particularly desirable to estimate low CI values more
accurately since they are indicative of critical soil trafficahility condi-
tions. Hence, CI-MC relations were rederived using reduced major axis

analysis techniques.s-*o

Results showed that these relations (hereafter
referred to as specific relations) more closely approximated low measured
CI values than did the relations derived by conventional rzgression analy-
sis techniques.

21. Numbers of observations, correlation coefficients, levels of
significance (1% and 5%), and equations of specific relations significant
at the 5% level are included in table 1. For the 95 sites, 72 (76%) of the
relations were significant at the 5% level, and 64 (67%) were significant
at the 1% level. All relations significant at the 5% level showed that CI
decreases with an increase in MC. Measurement deviations are discussed in

paragraph 110 of Part III.
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22. Selection of sites for further analysis. Before conducting

analyses relating equations or expressions of equations to soil properties
it was considered necessary to select sites with reliable CI-MC relations.
For this purpose, the level of significance was considered to e the most
meaningful criterion that cculd be used. All relations not significant at
the 5% level (an arbitrary but often used limit) were rejected from further
consideration. Although an acceptable minimum CT range was not set, the
range of data for each site was also checked. All of the 72 sites having
significant relations were accepted; none were rejected because of what
was considered to be an inadequate range of CI.

CI-MC coefficients

23. The derived CI~MC relations plotted as straight lines on loga-

rithmic graph paper. A straight line may be completely defined by the co-
ordinates of two points on the liine, or by the coordinatec of one point on
the line and the slope of the line. Likewise, an accurate estimate of any
two of the above-noted quantities provides an accurate estimale of the
line.

2h. Selection of CI-MC coefficients. An attempt was first made to

relate slope and intercept values (b and a values, respectively, as
shown in table 1) to soil properties. Significant multiple-factor rela-
tions were found with several groups of soil properties, but subsequent CI
predictions based on these relatiors were not good. Two possible explana-
tions for the poor results are as iollows:

a. The intercept is the log of CI at 1% MC. For each site the
derived value represented a point below the natural range of
soil MC and generally far above the measurable range of CI
(i.e., Tar above 300 for the 0.5-sq-in. cone penetromster;
see Appendix B).

o’

These coefficients were found to be very sensitive in terms
of CT. For example, an apparently minor error in slope
ectimation for a line originating at the derived intercept
often resulted in large deviations throughout the range of
measured data.

25. As indicated in paragraph 23, values of CI at two given levels
of MC or values of MC at two given levels of CI could be used to define a

CI-MC relation. A cursory examination of the data indicated, nowever, that
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no one level of soil moisture content occurred naturally at all sites. At
any level, gross extrapolations had to be made for many sites. Graphs of
CT at a given moisture level versus each of several soil properties were
compiled, but these graphs did not show any relations. The use of (T at
given moisture lsvels was not considered further.

2C. The use of scil MC's at given levels of CI appeared more prom-
ising. The ranges of CI measurements for practically all sites were found
to cverlap considerably; this meant that CI levels could be selected that
were within the natural strength range of almost all sites. Furthermore,
plotted CI-MC rolations generally shifted to higher MC's as soil moisture-
holding capacity increased. TFor example, the highest measured MC's for the
four sites shown in plate 1 are approximately 19%, 26%, 36%, and L&); MC's
at the 150-CI level increase in the same order, i.e., approximately 15%,
26%, 32%, and 39%. Many studies have been made relating soil moisture-
11,12 this suggested that the

position of the CI-MC relations with respect to the MC ordinate should

holding characteristics to soil properties;

also be reiated to soil properties.

27. MC's at 200 CI and 300 CI were selected as CI-MC coefficients
for use in further analvses; these values, computed from specific CI-MC
relations, are shown in table 1. As noted in paragraph 13, 200+ {I values
were not included in the derivation of C1l-MC relations; however, most sites
had measurements close to 300. It would have been desirable to use MC's
at 2 CI level lower than 200, i.e., iu a range more critical with respect
to trafficability; this was not done because the data would have had to be
extrapolated for many sites.

28. Sensitivity of CI-MC coefficients. The CI-MC coefficients se-

lected were in units of percent MC. As it was desirable to evaluace the
accuracy of CI-MC coefficient estimations in terms of CI, average c¢ffects
of MC on CI werz determined.

29. The average changes in MC were computed for eight changes in CI
(plus and minus 10, 20, 30, and 40 units) at four levels of CI (100, 150,
200, and 250), and for four changes in CI {minus 10, 20, 30, and 40 units)
at the 300-CI level. <Computations were made using the 72 specific rela-

tions noted in paragraph 22. No gross extrapclations were made; hence,
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average changes of MC were not made for positive changes in C1 at the
300-CI level. Also the number of specific relations used decreased as CI
decreased; ccriputations were based on only seven of the specific relations
at 70 CI (100-CI level with a -30 CI change).

30. Results of the analysis are shown graphically in plate 2. The
average MC change for a given CI change increases as the CI level de-
creases. To achieve an average CI accuracy of +20 units, the graph indi-
cates that MC must be determined with an average accuracy of apprcximately
1.29, i.e. 3—‘%—1-:&, at the 200-CI level. Likewise, if the standard de-
viation of estimated MC at 200 CI ig 2.0% then the standard deviation of
estimated CI at the 200-CI level should be approximet:ly 35, i.e. 53;%%32 .

CI-MC coefficient~
soil property relations

31. Logarithmic values of the Ci1-MC conefiicients were used in de-
riving relations. The transformation from arithmetic to logarithmic values
was primarily made for two reasons.

a. It simplified the approach whereby equations for estimating
the CI-MC coefficients could be combined and reduced for the
prediction of CI.

b. It eliminated the possibility of estimating negative values
of CI-MC coefficients.

32. Three ways of relating CI-MC coefficients to soil differences
were explored: (a) by soil classes, separated on the basis of soil prop-
erty criteria, (b) by individual soil properties, and (c) by grouped soil
properties.

33. Soil classes. The cffectiveness of soil classes for estimating

CI-MC coefficients was determined for the USDA soil textural classifica-
tion system and the USCS. Logarithmic values of each of the CI-MC coeffi-
cients were compiled by classes and the mean values computed. Pooled
standard deviations (sp) for the systems were then determined assuming that
class variances were equal. Classes represented by only one site (zero
degree of freedom) could not be included in sp determinations.

34. Average values of the CI-MC coefficients by USDA textural
classes are shown below. Classes are arranged in an increasing order of

grain size. The CL, SCL, LS, SC, and Si classes were not represented or
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were represented by only one site and, therefore, are 10t shown.

USDA No. Mean 1ln MC at
Soil Ciass Sites 200 CI 300 CI
¢ 6 3.352 3.198
SiC 2 3.451 3.290
SiCL 8 3.160 2.941
SilL 37 3.162 2.956
L 10 2.922 2.567
SL L 2.338 1.980
S 2 2.173 1.330
All classes 69 3.075 2.325

Relatively few sites were included in most of the classes. Nevertheless,
the data indicate that values of the CI-MC ccefficients tend to decrease
with increasing grain size. Pooled standard deviations from class means
of 1n MC at 200 CI and 1n MC at 300 CI were 9.205 and 0.265, respectively;
comparable arithmetic values at the mean legarithmic values of the CI-MC
coefricients are both 4.5% MC. As indicated by the graph in plate 2, these
deviations are large in terms of CI.

35. Average values of the CI-MC coefficients by USCS classes are
shovin below. Classes are arranged in a decreasing order of plasticity.
The SC-SM, SC, MH, OL, and OH classes were not represented or were repre-

sented by only one site and, therefore, are not shown.

UsCs No. ) Mean 1n MC at
Soil Class Sites 200 CI 300 CI
CH 13 3.306 3.118
CL 30 3.07L 2.880
ML 18 3.076 2.765
CL-ML 6 3.101 2.831
SM l 2.275 1.560
All classes 71 3.07h 2.816

The data indicate a tendency for values of the CI-MC coefficients to de-

crease with decreasing plasticity. There is no indication, however, that
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criteria used Lo 4

ful with respect to the coefficients. Pooled standard deviations from
class means of ln MC at 200 CI and 1n MC at 300 CI were 0.259 and 0.337,
respectively; comparable arithmetic values were 5.7% MC and 5.(% MC, re-
spectively. These deviations are larger than those of the USDA system and
are large in terms of CI (platec 2).

36. Individual soil properties. Commonly measured soil properties

vere studied to determine if they weve related tc the CI-MC coefficients.
Properties considered were USDA sand, silt, and clay contents; USCS fines
content; Atterberg liquid limit, plastic limit, and plasticity index; or-
ganic matter content; and dry density. Regression analysis techniques were
used to establish relations. To improve relations, irn or ln-1ln values of
some properties were used. Significant relations (5% level) and corre-
sponding correlation coefficients and standard deviations from the regres-
sion are tabulaied below; basic data and regression lines significant

the 5% level are shown graphically in plates 3-7. Differences in the num-
ber of observations were due to the fact that measuwrements of some proper-

ties were not or could not be made for some sites {see itable A2).
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37. Relations of the “I-MC coefficients wit'i organic matter content
and dry density wers not significant at the 5% level. The limited range of
organic matter content values (0.2-5.57) may have been a major contributing
factor in the nonsignificance of relations with this property. Dry density

values were distributed over a somewhat normal range. 7hus, the results
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indicated that little of the variation in the CI-MC coefficients was associ-
ated with this soil property. This may be partially due to the fact that
MC was expressed in terms of percent dry weight of soil; therefore, at a
given MC the same amount of lubricant (water) existed per unit mass of goil
regardless of dry density.

38. Seven of the nine pairs of relations were significant at the 1%
level; six had positive regression coefficients (slopes), and one, the pair
of relations with sand content, had negative coefficients. The signs of
the regression coefficients indicate that at a given CI level, increases
of MC are associated with increases in plasticity and decreases in grain
size. As shown in plate 3, for example, at the 200-CI level the average
MC's are approximately 9% and 26% for soils with sand contents of 90% and
10%, respectively. Conversely, the results indicated +that at a given MC,
increases of CI are associated with increases in plast.city and decreases
in grain size. For example, at an MC of 20%, CI increases from 200 to 300
as sand content decreases from 30% to 13% (plate 3), and clay content in-
creases from 13% to 284 (plate 4).

39. Results for some soil properties indicated that, srithmetically,
the slopes of the CI-MC relations between the 200- and 300-CI levels are
independent of differences in the soil property. This is demonstrated by
the fact that relations of the CI-MC coefficients with saud content, as
shown in plate 3, are approximately parallei. The relations between MC at
200 CI and MC at 300 CI were derived using reduced mejor axis analysis
techniques; results of the analysis are shown graphically in plate 8. The
slope of the relation was close to one on one, thus indicating that arith-
metic slopes of CI-MC relations between the 200- and 300-CI levels tend to
be consistent regardless of the soil moisture regimes within which these
CI levels exist.

LO. Relations between the CI-MC coefficients and silt content were
statistically significant; there is, nevertheless, some question as to
their validity. Plots of relations clearly show that the values of the
CI-MC coefficients tend to increase with a decrease in sand content
(plate 3) or an increase in clay content (plate 4). It was expected,

therefore, that as silt content decreased the sand and/or clay content
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would increase and valies of the CI-MC ccefficients would become more
widely scattered. In general this was the case; however, of the four sites
(sites 85, 90, 91, and 94) that had sili contents less than 207, all had
low clay contents (11%, 2%, 1%, and 14, respectively) and. as could be ex-
pected, all had low CI-MC coefficient values. Assuming a more or less
equal probability of low-silt-content soils naving either high sand con-
tents or high clay contents, it follows that the inclusion of these four
sites was by chance and that the CI-MC coefficient-silt content relations
are spurious. A related discussion is given in paragrsph T0.

1. Considering both CI-MC coefficieats, relations with sand con-
tent were better than with any other individual property tested. Standard
deviations from the regressicn for In MC at 200 CI and 1n MC at 300 CI were
0.211 and 0.248, respectively. Estimations of the CI-MC coefficients using
reliations with sand content and using mean values of CI-MC coefficients for
soil ~lasses of the USDA textural soil classification system (paragraph 3h4)
were about the same. Estimations of the CI-MC coefficicnts were bettier
using relations vith fines content, liquid limit, plastic linmit, or plas~
ticity index than by using means of CI-MC coefficients for USC3 soil
classes (paragraph 35) even though these soil properties are used in dif-
ferentiating US(S classes.

2. Grouped soil properties. Using the WES electreonic computer, X

multiple regression analyses were made to establish relations between the
CI-MC coefficients and groups of s0il properties. The same soil properties
and transformations considered in the individual soil property analysis
(see paragraph 36) were tested.

43, The various combinations of soil properties tested are set forth
briefly in the following subparagraphs.

a. All of the nine zo0il properties were made available for ad-
dition to the fit (inclusion in the equation).

. USDA sand, silt, and clay contents were force fitled.

. USDA sand, silt, and clay conlents were force fitted;

* General Eiectric-225 electronic computer. The program used is entitled
"GE-20C Series Multiple Linear Regression Prcgram II"; the program num-
ber is CD225D3.0C1.
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organic matter content and dry density were made uvailabie
for addition to the fit.

d. USCS fines content, liquid limit, plastic limit, and plas-
ticity index were force fitted.

e. USC3 fires ccentent, liquid limit, plastic limit, and plas-
ticity index were force fitted; organic matter content and
dry density were made available for addition to the {it.

£. Liquid limit, plastic limit, and plasticity index were force
fitted.

g. Liquid limit, plastic limit, and plasticity index were force
fitted; organic matter content and dry density were made
available for addition to the fit.

Available soil properties were added to the fit in the order in which they
contributed in reducing the residual sum of squares (i.e., in reducing the
previously remaining urexplained error). For an available property to be
accepted in the fit, however, it nad to make a significant (5% level) con-
tribution in reducing error in MC at 200 CI. 1If a property was added to
an equation for estimating MC at 200 CI it was automatically force fitted
into the equation for estimating MC at 300 CI. Results of the multiple

regression analyses are summarized in the fellowing tabulation.

D

Ly, The partial regression ccefficient expressed the magnitude and
direction of change of the estimated dependent variable with a unit change
in the independent variatle. Relations derived by regression analyses are
not necessarily "cause and effect" in nature. Consequently, the apparent
effect of a given independent variable often changes markedly if grouped

with different combinations of other independent varisbles; this phencmencn
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is clearly demonstrated in the tabulation on the previous page by liquid
limit. However, partial regression coefficients of both plastic limit and
organic matter content were consistent in terms of sign and magnitude re-
gardless of the grouping. These consistencies may indicate a natural asso-
ciation between these properties and the CI-MC coefficients.

45. The tabulation on the preceding page shows that the best three
pairs of relations, as indicated by the standard deviations from regression,
include properties associated with both grain size and plasticity; the
poorest three relations included in the tabulation lacked one or the other
types of these soil descriptors. This suggests that if reliable estimates
of the CI-MC coefficients and therefore (I are to be made, both grain size
and plasticity, or indicators thereof, may have to be considered.

46. shown below is a résumé of accuracies of the CI-MC coefficient
estimations for the two soil classification systems and for some of the
soil proparties, individually and in groups. Included are standard devia-
tions of 1n MC at 2C0 CI and 1n MC at 300 CI and comparable avithmetic val-

ues, in percent MC.

Standard Deviation

MC at 200 CI MC at 300 CI
Classification System Arithmetic Arithmetic
or Soil Property{ies) ln _ Eguivalent lr _ Equivalent
USDA System 0.205 4.5 0.265 4.5
USCS 0.259 5.7 0.337 5.6
Sand ¢.211 4.6 0.248 4.2
Sand, PL, and organic
matter 0.153 3.5 0.201. 2.7
Sand, silt, and clay 0.209 4.5 0.245 4.1
Fines, LL, PL, and PI 0.161 3.7 0.219 4.0

L7. On the basis of standard deviations the best estimates of tie
CI-MC coefficients were obtained with the pair of multiple-factor relations
that included sand content, plastic limit, and organic mutter. Standard
deviations associated with relations incorporating the soil properties used
in the USDA soil textural classification system (i.e. sand, silt, and clay)

were approximately the same as those for the system itself. This indicates
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that the use of redefined soil textural ciasses would not greatly improve
the accuracies of CI-MC cocfticient estimations and, therefore, CI. Stand-
ard devistions associated with the oroperties used in differentiating USCS
classes (i.e. fines, LL, PL, and PI) are appreciably smaller thun those for
the sysiem itself. This irdicates that a better classification system for
estimating the CI-MC coefficients could be devised based on the same de-
fining soil properties.

CI-soil property relations

48. CI-soil property relations can ensily be computed from the CI-MC
noefficient relations previously described. For the general case, the
equation defining a straight line is as follows:

Y=2a+vX

Slope (b) and intercept (a) values can be determined in the following

manner.:
N
Xl - X2
Y. - Y
1 2
a=Y, -bX, =Y -(——————)x
1 1 1 Xl - X2 1

By substituting these expressions of slope and intercept, the general case

equation can be rewritten:

This equation can then be reduced to the following form:

Y, - Y (Y, ~ Y )X, - X)
Y=Yl-(-l——-—-2->(X1-X)=Y S

Xl - X2 1 Xl - X2




To put tiie equation above into the logarithmic form (see paragraph 15) and

terms of CI, MC, and CI-MC coefrficients, the following substitutions are

made:
Y =1nCI
Yl = 1n 200 CI = 5.29832
Y2 = 1n 300 CI = 5.70378
X =1ln MC
Xl = 1n MC at 200 CI
X2 = 1n MC at 300 CI
Therafore

0.405 (1n MC at 200 CI - 1n MC)

In CT = 5.298 + T3E"2"560 G - In MC at 300 CI

Furthexrmore, by substituting CI-MC coefficient-soil property relations
(paragraphs 34-36 and 43), CT 2an be expressed solely in tarms of soil
properties and MC.

4o. An analysis was made of changes in CI asscciated with changes in
values of some of the soil properties. A% three levels of MC (20%, 30%,
and 40%), CI values were computed for different combinations of values of
soil properties included in each of two groups: (a) USDA sand, silt, and
clay contents and (b) Atterberg liquid limit, plastis limit, and plasticity
index. Values were selected within the approximate ranges of measured data
included in tr-s study. Computed CI values were plotted cn textural tri-
anglec and plasticity charts. Isolines of CI were then drawn; these are
shown in plates 9 and 10.

50. Th~ data in plate 9 indicate that there are strong interacting
effects on CI between MC and sand, silt, and clay contents. At the 20% MC
level, CI changes are associated almost entirely with changes in sand con-
tent from O to about 65% (indicated by the fact that isolines of the two
variables without this range are about parallel), CI increasing with a de-
crease in sand content. At the 40% MC level, CI changes appear to be
associated almost entirely with changes in clay content, CI increasing with
either an increase or decrease in clay content from approximately the 30%

clay coutent level. At the 30% MC level, CI changes appear to be
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associated with changes in both sand and clay contents. Silt content ap-
parently has little effect on CI, at least for the MC levels tested.

51. The data in plate 9 also indicate irat the weakest soils always
have significant amounts of all three soil separates and that the amount of
each soil separate varies with MC. Sand, silt, and clay conlents corre-

sponding to the lowest CI at each MC level studied are summarized below.

Lowest % Contents of
MC, % CI Sand Silt Clay
20 132 77 17 6
30 ok 56 29 15
Lo an 23 b7 30

The graphs shaw that for any given combination of sand, silt, and clay con-
tents, CI decreases with an increase in MC.

52. Data shown in plate 10 indicate that there are also interacting
effects on CI between MC and the Atterberg limits. At the 40% MC level, CI
changes are associated almost entirely with changes in plastic limit, CI
iécreasing with an increase in plastic limit. At the 20% MC level, CI
changes are associated primarily with changes in plastic limit and second-
arily with changes in liquid limit, CI increasing with an increase in bottl
limits. TFor any given combination of the Atterberg limits tested, CI de-

creases with an increase in MC.

Rating Cone Index {RCI)

53. As in the case of CI, previous investigations have shown that
for a given soil changes in RCI are associated with changes in MC, RCI in-
creasing as MC decreases, but that for unlikc soils RCI-MC relations are

generally not the same.lb’2’3’5’7

The same types of analyses used in
establishing CI relations were used to establish RCI relations. Analytical
procedures for CI were explained previously in detail; thus only abbrevi-
&eted explanations of the procedures used in analyzing RCI are contained in

this part of the report.
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RCI-MC relations
5h. As noted in paragraph 13, all 300+ CI values were excluded in

the derivation of relations because they were known to be quantitatively
erroneous in practically all cases. Since RCI is the product of CI and RI,
it follows that RCI values correspending to 300+ CI values are, in practi-
cally all cases, larger than indicated. They were, therefore, excluded in
all derivations of RCI-MC relations.

55. A summary of data that remained for analysis is tabulated below:

No. of RCI-MC No. of No. of RCI-MC No. of

Observations Sites Observations Sites
0-2 27 20-29 b
3-9 38 30-39 2
16-19 22 Lo+ 2

At many sites RI tests could rot be made at times of low meisture contents,
thus precluding the determination of RCI. As a result, the number of RCI
observaticns per site was generally less than the number of CI observations.
Of the 95 sites, 68 had a sufficient number of observations (more than 2)
to statistically derive RCI-MC relations; of these, 55% (38 sites) had
fewer than 10 observations.

56. Selection of equation form. The logaritimic equation was se-

lected for use in relating RCI and MC, i.e.
In RCT = a + b(1ln MC)

Tais was done primarily because the trend between CI and MC in laboratory
studiez was known to be approximately logarithmic in form.2’3 Although the
remolding test (Appendix B) dces not completely duplicate the laboratory
processing of soils, which includes the removal of roots and stones cnd
thorough mixing, the two processes are cimilar in that both involve the
breaking down of natural soil structural units.

57. Derivation of relations. Based on the experience gained in

working with CI (paragraphs 12 and 20), RCI-MC relations were derived using

reduced rajor axis analysis techniques. Numbers of observetions,
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correlation coeificients, levels of significance (1% and 5%), and equutions
for relations significant at the 5% level are shown in table 2. For the G8
sites with three or more observations, 37 (54%) of the reiations were sig-
nificant at the 5% level, and 21 (31%) were significant at the 1% level.
For all relations significent st the 5% level, RCI decreased with an in-
crease in MC. Measurement deviations are discissed in paragraph 125 of
Part III.

58. Selection of sites for further analysis. Relations between RCI

and MC to be used in f{urther analyses were selected on the basis of the
level of significance, number of observations, and range of RCI values.
Relations not significant at the 5% level, based on less than five observa-
tions, or based on a narrow range of RCI values were rejected. Using
these criteria the relations for 33 sites were selected for further use.
RCI-MC coefficients

59. Selection of RCI-MC coefficients. MC's at giver levels of RCI

were considered for use as RCI-MC coefficients. As in the case of X, the
range of RCI measurements for practically all sites overlawped. Also,
plotted RCI-MC relations, in general, shifted to higher MC's as the
moisture~-holding capacity of the soil increased. As shown in plate 11, the
highest measured MC's are spproximately 19%, 27%, 36%, and 4% for the four
sites shoﬁn; MC's at the 100-RCI level increase in the same order, i.e. ap-
proximately 1%, 25%, 32%, and 46%.

60. MC's at the 100 wnd 200 levels of RCI (MC at 100 RCI and MC at
200 RCI) were selected as RCI-MC coefficients because an appreciable amoout
of measured data between these l2vels was available. Values of the coeffi-
cients, shown in table 2, were computed from specific RCI-MC relations.

61. Sensitivity of RCI-MC coefficients. Average efficts of moisture

content on RCI were determined using the 33 specific relations noted in
paragraph 58. Average changes in MC were computed for eight changes in RCI
(pius and minus 10, 20, 30, and 40 units) at four levels of RCI (100, 150,
200, and 250), and for four chanzes in RCI (minus 10, 20, 30, and 40O units).
The number of specific reletions decreased as RCI decreased; computations
were based on only 20 of the specific relations at 60 RCI (100-RCI level
with a =40 RCI change). Results are shown graphically in plate 12.
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62. The data in plate 12 indicate that the average MC change for a
given RCI change increases as tuc RCI level decreases. For an average RCI
accuracy of +20 units, MC at tane 200- and 100-RCI level§ must be deteriined
with an average accuracy of approximately 0.6%, i.e. ng—gugié, and i.k4%,
respectively. If the standard deviation of estimated KC at 100 RCI is 2.0%
then the standard devial.on of estimated RCI at the 100-RCI level shculd be
approximately 29, i.e, ?2_%_§§ . Results also incdicate that RCI is more
sensitive to changes in MC than is CI (see plate 2), i.e., at any given
strength level the average change in RCI is greater than that in CI for a
unit change in MC.

RCI-MC coefficient~
soil property relations

€3. Togarithmic values of the RCI-MT coefficients were used in de-
riving relations; the reasons for the transformations from arithmetic val-
ues were the same as those for the CI-MC coefficients (paragraph 31). As
in the case of CI, three ways of relating RCI-MC coefficients to soil dif-
ferences were explored: {a) by soil classes, (b) by individual soil prop-
erties, and {c) by groups of soil properties.

64, Soil classes. The effectiveness of soil classes for estimating

RCI-MC coefficients was determined on the basis of the pooled standard de-
viation for the USDA textural classification system and for the USCS. Av-
erage values of the RCI-MC coefficients for USDA textural classes are shown
in the follcwing tabulation. The SiC, CL, Si, SCL, SC, SL, LS, and S
classes were not represented or were represented by only one site, and,

therefore, are not included.

USDA No. Mean In MC at
Soil Class Sites 100 RCI 200 RCI
C 3 2.726 3.503
SiCL 2 3.978 3.045
SiL 25 3.258 3.103
L 2 3.224 2.98k
All classes 32 3.308 3.130
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The tebulation shows that insufticicent data were available to evaluate the
system; mean values for only four classes weie included and of these all
except SiL were based on few observations (two or three). No sandy soils
werc in~luded, but this was to be expected; in general, it is dirficult to
perferm remolding tests, i.e. to obtain RCI, on these soils. For the data
used, pooled standard deviations from class means of In MC at 100 RCI and
In MC at 200 RCI were 0.159 and 0.190, respectively; comparable arithmetic
values at the mean logarithmic values of the RCI-MC ccefficients are both
L.4%. As indicated by the graph in plate 12, the deviations are extremely
large in terms of RCI.
65. Average values of the RCI-MC coefficients by USCS classes are

shovm below, classe Lring arranged in order of decreasing plasticity.

No. Mean ln MC at
USCS Class Sites 100 RCI 200 RCI
CH 6 3.620 3.341
CL 1k 3.226 3.058
ML 8 3.392 3.249
CL-ML 5 3.117 2.9k9
All classes 33 3.322 3.13%

Only four classes vere included; data were not available for the MI, OL, SM,
and SC~SM soils. The data suggest a tendency for values of the RCI-MC co-
efficients to decrease with decreasing plasticity. TIooled standard devia-
tions from class means of In MC at 100 RCI and In MC at 200 RCI were 0.1kl
and 0.184, respectively; equivalent arithmetic values are L4.0% and 4.4 MC,
respectively. Results for the two classification systems were approximately
the same.

66. Individual soil properties. Regression analysis techniques were

used to establish relations between the RCI-MC coefficients and soil prop-
erties; properiies considered were the same as those considered for CI
(paragraph 36). Providirg that both relations for a given soil property
were significant (5% level), equations, correlation coefficients, and

standard deviations from the regression are tabulated below; plots of
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basic data and regression lines signifi-ant at the 57 level are shown in

plates 13-17.

67. The relations between the RCI-MC coefficients and fines content,
organic matter content, and dry density wecre not significant at the 5%
level; for sand content, only the relation with 1n MC at 200 RCI was sig-
nificant. The lack of relations for sand, fines, and organic matter con-
tent was not considered to be conclusive uecause the range of values for
each property was smell. A possible explanation of why little of the vari-
ation in the RCI-MC coefficients was associated with dry @ensity is pre-
sented in paragraph 37.

68. Five of the nine pairs of relations (clay and silt contents,
liquid and plastic limits, and plasticity index) werc significant at the 1%
level. Relations with all properties except siit content had positive
slopes; relations with silt content had negative slopes. Slopes and rela-
tive positions of the relations indicate that at a given MC, increases of
CI are associated with increases in plasticity and decreases in grain size.
As shown in plate 16, for example, at an MC of 30% the RCI increases from
100 tc 200 as plasticity index increases from approximately 25 to 49.

69. Plates 13-16 show that the relations of silt and clay contents,
liquid and plastic limits, and plasticity index to MC at 200 RCI have flat-
ter slopes than the relations to MC at 100 RCI. From this and the position
of the two regression lines with respect to each other, it can be concluded

that each of the properties is related to the arithmetic slope of the

)
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RCI-MC relations, at least between the 100- snd 200- R"I levels. Slopes of
RCI-MC relations become filatter wilhh increasss in v asticity and decreases
in grain size. As an example, for soils having & .lay content of 20%
(plate 14), an increase in RCI from 100 to 200 is associated with an aver-
age MC loss of approximately 4% (i.e. 27% MC minus 23% MC); for an equiva-
lent strength gain for soils having a clay content of 60%, an average MC
loss of approximately 9% (43% MC minus 34% MC) is indicated. The linear
relation between MC at 100 RCI and MC at 200 RCI, computed using reduced
major axis analysis techniques, is shown in plate 18. Results indjcate
that arithmetic slopes of RCI-MC relations between the 100- and 200-RCI
levels tend to become flatter with an increase in the moisture-holding ca-
pacity of the soil.

T70. Slopes of the relations between tne RCI-MC coefficients and silt
content were, as expected, negative. As noted in paragraph 6, it is dif-
ficult to cbtain RCI data on sandy soils. For low-silt-content soiis, RCI
data are most readily cbtained for soils with low sand contents and high
clay contents. Values of the RCI-MC ccefficients would tend to be rela-
tively high.

T1l. Considering both RCI-MC coefficients, relations with liguid
limit were better tnan with any other individual soil property aralyzed.
Standard deviations frecin the regression for In MC at 100 RCTI and ln MC at
200 RCI were 0.106 and 0.153. respectively; comparapvle arithmetic values at
the mean logarithmic values of the RCI-MC coefficients are 2.9% MC and 3.5%
MC, respectively. Estimetions were better with liquid limit, plastic limit,
or plasticity index than with USCS class means (paragraph 65).

72. Grouped soil properties. Maltiple regression analyses were made

to establish relatiors between the RCI-MC coefficients and groups of soil
properties. Procedures followed and assumptions made were the same as
those for the CI-MC coefficients discussed in paragraphs 36 and 43. Re-
sults are summarized in the following tabulation.

T3. As shown in the tabulation, partial regression ccefficients of
liquid limit and plastic limit generally were consistent between groups of
soil properties in terms of sign and magnitude. This may indicate a natural

assceiation between these properties and the XCI-MC coefficients.
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74. The best relaticns included properties associated with plastic-
ity. Grain size characteristics may contribute little to estimstion accu-
racies. This is indicuted by the fact that relations with sand, sili, and
clay contents were by far the poorest of those derived, and by the fact
that the addition of fines content to relations with the Atterberg limits
had almost no effect.

75. Shown below is a summary of estimation accuracies obtained with
the USCS, liquid limit, and groups of soil properties. Included are stand-
ard deviations of the RCI-MC coefficients in logarithmic terms and equiva-
lent arithmetic values.

Standard Deviation

MC at 100 RCI MC at 200 RCI
Classification System Arithmetic Arithmetic
or Soil Property(ies) In  Equivalent _ 1n_  Equivalent
uscs 0.1h4k 4.0 0.134 L.L
LL 0.106 2.9 0.153 3.5
LL and PL G.076 2.1 C.123 2.8
Sand, silt, and clay 0.146 4.0 0.175 4.0
Fines, LL, PL, and PI 0.075 2.0 0.124 2.8
LL, PL, PI, and density 0.070 1.9 5,01k 2.6

7€. Relations with liquid limit, plastic limit, plasticity index,

and density were slightly better than with any other group of soil
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properties tested, and were markedly better than with the USCS or the best
individual property tested (liquid limit). With respect to accuracy of
estimations, relations incorpcrating the soil properties used to define
classes of the USCS (i.e. fines content, liquid and plastic limits, and
plasticity index} were apprecisbly better than relations for the system it-
self. This indicates that a better classification system could be devised
based on the same defining soil properties.

RCI-soil property relations

77. Procedures for expressing CI in terms of soil properties and MC
using CI-MC coefficient-soil property relations were presented in paragraph

48. 1In a like manner RCI-soil property relations can be derived.

) (Yl - Y2)(Xl - X)

v -
=7 X, - X,
where
Y = 1n RCI
Y, = 1n 100 RCI = 4.60517
Y, = 1n 200 RCI = 5.20832
X = 1n MC

N

1 iIn MC at 100 RCI

H
X2 = 1n MC at 200 RCI

‘Therefore

0.693(1n MC at 100 KCI - in MC)
In MC at 100 RCI - 1n MC at 200 RCI

1n RCI = 4.605 +

An analysis of changes in RCI associated with changes in values of some of
the soil properties used in this study was made. At three levels of MC
(20%, 30%, and 40%) RCI values were computed for various combinations of
values of scil properties included in each of two groups: (a) USDA sand,
silt, and clay contents and (b) Atterberg liquid limit, plastic limit, and
plasticity index. Isolines of RCI are shown on textural triangles and plas-
ticity charts in plates 19 and 20, respectively.

78. ‘The data in plates 19 and 20 show that for any given combination

of soil properties tested RCI decreases with an increase in MC. Plate 19
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indicates that there are interacting erfects on RCI between MC and the USDA
soil separates. At the 30% and 409, MC levels RCI changes are associated
almost entirely with clhianges in clay content, RCI increasing with an in-
crease in clay content. At the 20% MC level, however, RCI increases are as-
sociated with both increases in clay content and decreases in sand content.
T79. The deta i plate 20 show that RCI changes at high liquid limits
(i.e. greater than approximately 50) are asscciated primarily with changes
in plastic limit, RCI increasing with an increase in plastic limit. At low
liquid limits, however, RCI tends to increase with increases in both plas-
tic 1limit and liquid limit. ©The lowest RCI values at a given MC are associ-

ated with low plastic ai'd liquid limit values.

Remolding Index (RI)

80. Analyses pertainiig to KI are presented herein. Procedures fol-
lowed were similar to those used in analyses of CI and RCI except that a
method for adjusting RI for changes in MC could not be derived directly
from the basic data. Some general conclusicns regarding the changes in RI
associated with changes ia MC were made indirectly, however, by using pre-
viously derived CI and RCI relations. This was possible because of the re-
lation that exists between the strength measures, i.e. RCI = (CI)(RI).
RI-MC relations

8l. For the sake of consistency, RI values corresponding to 300+ CI

values were excluded from RI-MC relation derivations (see paragraphs 13 and
5h). The data that remained for analysis were the same as those listed in
paragraph 55. Of the 95 sites 68 (72%) hzd a sufficient number of observa-
tions {moras than two) to statistically derive RI-MC relations; 38 (56% of
the 68 sites) had fewer than ten observations.

82. Selection of equation form. A logarithmic equation form was se-

lected for use in attempting to relate RI to MC. Both linear and curve

b,2 -
1b,2,3,5-7 Examination of basic

forms had been used in previous studies.
date plots like those shown in plate 21 did not ’ndicate that the relation
was other than linear. However, as shown below, the use cf logarithmic

CI-MC and RCI-MC equation forms resulted in the selection of a logarithmic

RI-MC equation form.
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RCI

RI = &F
In RI = 1n RCI - In CI
In RCI = a; + by{1n }C)
1n CI = ap + bo(ln MC)
ln RI = a; = 8y * (bl - b2)(ln M)
InRI =a +b (In M)

83. Derivation of relations. Reduced major axis analysis techniques

were used in deriving RI-MC relations. Numbers of -bservations, correla-
tion coefficients, levels of significance (1% and 5%), and equations are
shown in table 3. For the 68 sites with three or more observations, only
18 (26%) of the relations were significant at the 5% level and only 7 (10%)
were significant at the 1% level. The relatively small percentage of sig-
nificant relations suggested that a general method for adjusting RI for
changes in MC couald not be derived directly from the data.

RI coefficient

84. Selection of an RI coefficient. The use of a constant value of

RI Tor each site was considered appropriate since a consistent method for
adjusting RI for changes in MC was not apparent. Statistically the best
estimator for a set of univariate data is the mean. For this reason, mean
RI (ﬁf) was selected as the RI coefficient for use in further analysis;
va.ves are included in table 3.

85. Selecticn of sites for further analyses. Before conducting

analyses relating RI to soil yroperties it was considered necessary to
select sites with reliable RI values. For this purpose, the stanaard devi-~
ation of the mean (Sy) was considered to be the most meaningful criterion
that could be used. This statistic is, in fact, a measure of reliability
of a sample mean, reliability being in terms of closeness to the population
mean with a £3% probability. A sample consisting of a minimum of two ob-
servations is required to compute a standard deviation of the mean. A sum-

mary of sy values with two or more RI observations is tabulated below.

S No. | < No.
vy Sites Vi Sites
0.00 1 0,02 7
0.01 9 0.03 1l
(Continued)
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s No. S No.

¥ Sites v Sites
0.04 12 0.08 0
0.05 6 0.09 6
0.06 5 0.10 3
0.07 2 20.11 5

The 13 sites with Si values of 0.08 or greater were rejected from further
consideraticn; this choice was arbitrarcy, although, as indicated by the
tabulation above, 0.08 seems to have separated sites of relatively low and
high variations in RI. All sites with four or less observatious were also
excluded because this criterion was used in selecting sites for establish-
ing RCT relations. The remaining 52 sites were usecd for further analysis;
they are indicated by the symbol + in table 3.

RI ccefficient-
soil property relations

86. Logarithmic vslues of ihe RI coefficients were used in deriving
relations to eliminate the poscibility of estimating negative RI values.
As in the case of CI and RCI, three ways of relating the RI coefficient to
soil differences were explored: (a) by soil classes, (b) by individual
soil properties, and (c) by groups of soil properties.

87. Soil classes. The effectiveness of soil classes for estimating

RI was Adetermined on the basis of the pooled standard deviations for each

of the classification systems. Average values of the RI coefficient for

USDA soil textural classes are tabulated below. The SCL, SC, 1S, S, and Si

classes were not represented or were represented by only one site and,

{herefore, are not included.

USDA Soil  No. Mean USDA Soil No. Mean
Class Sites 1in RI Class Sites 1In RI
C 6 -0.02% SilL 32 -0.6k42
Sic 2 -0.024 L 5 -0.358
SiCL 2 -C.198 SL 2 ~0.9k2
cL 2 -0.13% All
classes 51 -0.492

Although seven classes were represe~ted, the nwrbers of sites per class
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with the exception of the ¢, SiL, and L classes. Classes are
arvanged in approximate order of increasing grain gize. The data used in-
dicate that RI tends to increase with a decrease in grain size. The pooled
standard deviation from class means was 0.321; the equiv-lent arithmetic
value at the mean logarithmic value of RI is 0.20 RI unit.

88. Average values of the RI coefficients by USCS classes are shown
below. The OL, OH, SC-SM, MH, and SM classes were not represented or were

represented by only one site and are, thercfor¢, not included.

USCs Soil  Nc. Mean | UsSCS Soil No. Mean
Class Sites In RI i Class Sites In RT
CH 10 -0.051 CL-ML 7 -1.,165
CL 21 -0.367 A1l
ML 12 -0.6L46 classes 50 -0.482

The classes are arranged in order of decreasing plasticity. The data indi-
cate that Rl increases with increases in plasticity. The pooled standard
deviation from class means was 0.2143; the equivalent arithmetic value at
the mean logarithmic valve of RI is 0.13 RI wit,

89. 1Individual soil properties. Regressicn analyses were used to

establish relations between RI and soil pror.rties. Properties considered
were the same as those considered for CI and RCI (paragraph 36). Signifi-
cant relations (5% level) and corresponding correlation coefficients and
standard deviations from the regression are tabulated below; basic data and

regression lines significant at the 5% level are shown in plates 22-2l.
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90. Relations between RI and sand convent, Tines corteut, plastic
limit, organic matter content, and dry density wcre not «irmificant. The
range of organic matter conten, values was omall; the lack of 2 significant
relation was not, therefore, considered to be conclusive. TFor the other
soil properties, ranges of values werc reasonably large; results indicate,
therefore, that little of the variation in RI is associated with the
properties.

91. Relations between RI and silt content, clay content, liouid
limit, and plasticity index were significant at the 1% level. With tue
exception of silt content, regression coefficients for these soil prop-
erties were all positive. The data, therefore, indicate that RI increases
with an increase in plasticity and a decrease in grain size. As shown in
plate 2, for example, RI values of approximately 0.40 and 1.00 are asso-~
ciated with plasticity index values of 4 and b7, respectively. The rela-
{ion of RI with plasticity index was better than with any other soil prop-
erty tested. The standard deviation from the regression was 0.227: the
equivalent arithmetic value at the nean logarithrmic value of RT is 0.1k RI
unit.

92. Grouped soil properties. Multiple regression analysis tech-

niques were used tc derive relations between RI and groups of soil proper-
ties. Procedures followed and assumplions made were the same as those for
CI (paragraphs 36 and 43). A summary of the results is shown in the fol-

lowing tabulation.

- L 1 .. . -

C — —

- - . 1 -

- (- = — . . ; _ .

93. Results show that the best three relations included s+il proper-

ties associated with plasticity (i.e. Atterberg limits). Relations
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including soil preperties associated with both grain size and vlasticity
(first and fourth listed) were comperanle to the relation t.se¢i only on
plasticity properties (fifth listed). however, the poorest relation
(second listed) was based only on grein size characteristics.

ols, Shown below is a sunmary of RI estimation accuracies obtained
with the USCS and sume of the individual and groups of soil properties.
Included are standard deviations of 1n RI and eguivalent arithmetic values

at the mean logarithmic value of RI.
Standard Deviation

Classification System Aritametic
or Soil Property{ies) _In_ Equivalent
Uscs 0.21k4 0.13
PI 0.227 0.14
Silt, clay, and PI 0.108 0.07
Sand, silt, and clay 0.131 0.08
Fines, LL, PL, and PI 0.105 0.06

95. The relations with fines content, liquid limit, plastic limit,
and plasticity index (the last shown) were better than those with any other
group of soil properties tested. Estimation with this group of soil prop-
erties was considerably better than that with the USCS or the best individ-
ual soil property tested (plasticity index). With respect to the accuracy
of estimation, the relation based on soil propverties used in differentiating
USCS fine-grained soils was appreciably better than for the system itself.
This indicates that the classification criteria of the system could be im-
proved with respect to RI.

RI-s2il property relatiors
96. Although the effect of MC on RI could not be established di-

rectly from the basic data (paragraph 83), it was possible to do so by
using previously derived CI-MC and RCI-MC coefficient relations. This in-
direct approach is discussed in the following paragraphs.

97. As noted in paragrarh 82, RI can be eapressed in the followirz

manner:

In RI = In RCI - 1n CI
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Ry substituting the eguation for CI and RCI shown in paragrapus 4o anc (1,
respectively, RI .an be expressed in terms of CI- and RCI-MC coefficients,

i.e.,

_ P 0.693 (1n MC at 100 RCI - In MC)
In RI = -0.093 *+ 7736 3¢ 100 RCI - 1n MC at 200 RCI

__0.405(1n MC at 200 CI - 1n #C)
1n MC at 200 CI - 1ln MC at 300 CI

By Turther substituting C1-MC and RCI-MC ccefficient-soil property rela
tions, RI can be expressed solely in terms of one o. more soil properties
and MC.

98. An analysis of changes in RI associated with changes in values
of MC and some soil properties was made. At three MC levels (20%, 30%, and

40%) RI values were computed for combinations of values of soil properties

included in each of two groups: (a) UCDA sand, silt, and clay contents and

(b) Atterberg liquid limit, plastic limit, and plasticity index. These
data were plotted on USDA textural triangles and plasticity charts and iso-
lines of RI were drawn. Results are shown in plates 25 and 26.

99. 1In deriving CI and RCI relations, data from different sites were
used. The associated differences in soil properties (CI can “e measured
under firmer soil conditions than can RCI; therefore soils from which CI
data are obtained are often sandicr and/cr drier) result in the two sets of
relations not being exactly comparable. Any resultant inconsistencies in
estimated CI and RCI values would, in gll probabilit;, b2 magnified when a
ratio of the two strength measures is taken. Since RI is, in etffect, a ra-
tio (RI = RCI/CI) caution should be exercised in interpreting the data
showr: in plates 25 and 26. In view cf this, the discussion thal follows is
somewhit general.

100. The dats shown .n plate 25 indicate that at a given MC level, in-
creases in RI are primarily r<sociated wlth increases in clay content al-
though at the 20% MC level sand content also appears to be an assocciated
factor. Consistent witi results of past studics, the data also indicate

that low RT valuec are associated with high silt contents at righ moisture
levels.
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Of interesi are the spparent c¢itects
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for the three levels of MC at several ditferent conbinations cf sand, siit,

and clay contents are tabulated below.
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In all cases results indicate that RI increases with a decrease in !'C,

This is in agreement with results of the RT-MC reduced maj.r axis analyses

(see table 3).

Of the 68 sites for which analyses were made

53 of the cor-

relation coefficients were negative; of the 15 relations significant at the

5% level all but one had a negative slope.

102.

in RI are associated primarily with increases in plastic limit.

The data in plate 26 indicetc +hat at the 209 MC level increaces

At the

haghter MC ievels studied and at relatively high ligquid limits this agoin

appears to be the case.

less than about 50, increases in RI appear tc become more closely

with increases in liquid limit.

However, at high MC levels and at liguid limits »f

the lowest liquid limits tvested irrespective of MC.

103.

The lowest estimated RI valuos
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Bstimated RI for the three MC levels at several dAifferent ~om-

binations of Atterberg limit values are tabulated below.
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MC Bstie Mc msLi-
PL LL PI % mated RI PL LL PI %  wated RT
20 50 30 20 1.10 25 50 25 20 1.78

30 0.9 30 1.0%

4o 0.78 Lo C.72
20 60 ko 20 0.97 25 60 3% 20 1.52

30 1,01 30 1.12

4o 1.04 ko 0.91
25 30 5 20 1.64 25 70 k5 20 1.22

36 0.40 30 1.09

Lo 0.15 ko 1.00
25 40 15 20 1.90

30 0.89

40 0.4y

For almost all combinations of Atterberg limit values tected, Rl increas:s
with a decrease in MC. As noted in peragraph 101, this is in agreement
with resulis of the RI-MC reduced major axis analyses. The data listed
above also indicate that RI-MC slopes become flatler with increases in

liquid limit.
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PART III: PREDICTION OF SOIL STRENGTH

104. Tne relations presented in
eral interest in that they guantitatively define changes in soil strength
associated with changes of several commonly measured soil properties. Of
additional importance, however, is that the relations can be used to pre-
dict soil strength providing that a MC value is available.

105. Two general methods for predicting either €I cor RCTI are pre-
sented herein. One method is based on CI-MC (or RCI-MC, as the case may
be) coefficient-soil property relations; in zddition to MC, soil property
values are required as input. The other method is vased on the relation
that exists between coefficients (i.e., MU at 200 CI versus MC at 300 CI or
MC at 100 RCI versus MC at 20C RC1) as noted in paragraphs 39 and 69. 1In
addition to an MC ai which a soil strength vaive is to be predicted, a rep-
resentative CI-MC (or RCT-MC) observation is required as input; however,
the method is independent of soil property data. Predictions are evaluated

on the basis of those sites used in the derivation cf relations.

Cone Index

Predictions based
on soil preperty data

16, As shown in paragraph 48, a CI-MC relation can be estimated

using the following equation.

0.405 (1n MC at 200 CI - 1n MC)

= & +
In CI = 5.298 1n ¥MC at 200 CI - 1n MC at 300 CI

By cubstitvting CI-MC coefficient-soil property relations, CI can be cx-
pressed solely in terms of soil properties and MC. 1If, for example, the
relations of the coefficients with cl2y content (shovn in tabulation, par-

agraph 36) are substituted the vquation above becomes:

o 0.956 + 0.1012 (1n % clay) - 0.405 1r. uC
- 5.208 + 2:2 : (L '
In CI = 5.295 + 5671 = 0.1760 (1n 4 clay)




s ran Ak

For u soil with a clay content.of 10% the equation becomes
In CI = 8.847 - 1.209 1n MC

With an inpvt MC value this equation can be used to predict CI. 1In a like
manner CI predictions can be made with knowledge of the USDA textural or
USCS class, other individual soil properties, or groups of soil prcperties.

107. Tor presentation and discussion herein two predictions of CI
were made, one on the basis of USDA sand, silt, and clay contents and the
other on the basis of Atterberg liquid limit, plastic limit, and plasficity
index. These two particular soil property groups were selected because
they are probably the most readily obtainable from indirect sources, i.e.,
maps, soil surveys, and other forms of literature. Relations of the CI-MC
coefficients with these soil property groups were all highly significant,
those with the USDA soil separates having the highest hultiple correlation
coefficients.

108. As previously noted, evaluations were made with the sites ﬁsed
in deriving the CI-MC coefficient relations, 72 sites for relations with '
the USDA soil separates and 67 sites for the relations with the Atterberg
limits. Logarithmic CI values were predicted using MC values corresponding
to six levels of specifiec CI: 50, 100, 150, 200, 250, and 300. Standard
deviations from the mean and average algebraic deviations, both in loga-
rithmic terms, were then computed for each of the above-listed specific CI
levels. Equivalent arithmetic values were then determined, plotted on graph
paper, and smooth curves were drawn through the points. Results are shown
in plate 27.

109. Prediction accuracies were not good. For predictions.based on
USDA soil separates, standard deviations ranged from about 34, i.e.
iéé_iil:lil , at a specific CI level of 50 to about 125 at a specifib CI
level of 300; based on the Atterberg limits, corresponding deviations were
about 27 and 133. The decrease in prediction accuracy with an increase in
specific CI can be attributed to the fact that the slopes of CI-MC relations
become steeper as the CI level increases (see plate 2). The data in

plate 27 also show that, on the avecage, predictions were slightly high at
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low levels of specific CI (i.e. <200). This algebraic trend could be
easily corrected, but the resultant decreases in standard deviation values
wculd be negligible.

110. Standard deviations from the mean of measured CI values by
10-unit increments of specific CI to a specific CI level of 210 were com-
puted (computations for higher specific CI levels could not be made because
300+ measured velues would have been included, and their effects could not,
of course, be precisely determined). A summary of measurement and predic~
tion accuracias is shown below.

Standard Deviation from Mean
at Specific CI Levels of

50 100 150 200
CI measured 8 18 27 35
CI predicted on basis of .
USDA soil separates 3h 38 51 6L
C1 predicted on basis of
Atterberg limits 27 30 by 64

.-

In general, prediction deviations are about twice as large as measurement
deviations. It should be noted, moreover, that the mezsurement deviations
shown are from sites for which a high correlation existed between CI and MC
{sce paragraph 22); for all sites in generai, measurement error* would thus
be greater than indicated.

111. Coefficients of determingtion for the CI-MC coefficient rela-
tions indicate that between 63% and 74% of the variance of the CI-MC coef-
ficients, e.g., the variance of the position of the CI-MC relations, "is ex-
plained by the USDA soil separates. A question arises as to what other
301l properties or characteristics could be used to account for the unex-
plained variation. _ _

112. Perhaps the most important factor is soil structure as the term
i3 used in the field of agriculture; i.e., the arrangement of primary par-

ticles and secondary particles (aggregates) into compound particles (peds)

i The term "measurement error” as used in this paragraph includes ecrror
attributable to several sources, i.e., natural variation, operator, in-
strument, etce.
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which are separated from adjoining peds by surfaces of weakness. Primary
and secondary particles are held‘together by binding agents which impart
strength to the soil. Descriptors of soil structure, particularly quanti-
tative descriptors, that could be used in a study such as this one are not
presently available.

113. The effects of clay and organic matter contents have been as-
sessed herein. Of equal or perhaps greater importance, in all probability,
are the electrochemical properties of these soil materials, i.e., the ca-
tion exchange capacities, adsorbed cations, clay mineralogy, etc. A study
of these factors might well lead to a more fundamental understanding of
soil strength phenomena.

114, Other soil characteristics that might be examined profitably
include soil moistureftension relations, specific surface, and activity.
Values of the above-listed characteristics relate closely to what are con-
sidered to be the more fundamental soil properties. MC's at given tensions
(particulafly for tensions of less than about 3 atm) determined from un-
disturbed samples are indicative of a soil's structural characteristics.
Specific surface is a reflection of the grain size distribution of a soil
including particle sizes far below the 2-micron limit generally observed in
settlement analyses. The contribution of the clay minerals to the behavior
of a soil is reflected to some extent by ectivity.

115. Consideration should also be given to the possible modification
of some existing soil test procedures; tests should reflect characteristics
of a soil in its entirety and its natural state. For example, soil samples
should not be excessively dried (i.e., dried below the lowest natural mois-
ture level that occurs in the field) before testing. Further, the USDA
practice of screening out all materials larger than 2 mm prior to establish-
ing grain size distribution curves would seem inappropriate insofar as en-

- gineering studies in genéral are - concerned.

Predictions based on a
measured CI-MC observation

116. A method for estimating a CI-MC relation was developed from the
relation that exists between the two CI-MC coefficients shown in plate 8.

CI can be predicted for any given MC of interest provided that a
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representative (i.e., representative of the area in question) CI-MC obser-
vation is available. )

117. MC at 300-CI values of 2 through 33 were substituted into ﬁhe
equation chown in plate 8 and corresponding values of MC at 200 CI were
computed. Lines passing through corresponding points were then drawn on
logarithmic graph paper as shown in plate 28. By plotting a representative
CI-MC observation on the graph an estimated CI-MC relation is obtained (in-
terpolation may be required).

118, In evaluating the method, the mean logarithmic values of meas-
ured CI and MC (observations with 300+ CI values were excluded) were deter-
mined for the 72 sites used in deriving CI relations. Arithmetic equiva-
lents of the mean logarithmic values were then determined, plotted on a
graph like that shown in plate 28, and estimated CI-MC relations estab-
liched. Prediction accuracies were assessed in the same manner as that de-
scribed in paragraph 108; results are shown in plate 2G.

: 119. Standard deviations ranged from about 20, 1_e,'i§fLiél:El , at a
specific CI level of 50 to about 91 at a specific CI level of 300. A sum-
mary of accuracies of measurements (see paragraph 110), predictions based
on Atterberg limits, and predictions based on site-mean CI-MC observations

is shown below.

Standard Deviation from Mean
at Specific CI Levels of

50 100 150 200

C{ measured _ 8 18 27 35
CI predicted on basis of Atter-

berg limits 27 30 - b 6l
CI predicted on basis of site-

mean CI-MC observations 20 23 30 36

Predictions based on a representative CI-MC cobservation are much better
than those based on soil properties and approach the accuracy of measure-

ments at intermediate CI levels.
120. A prediction method based on a representative CI-MC obgervation

is obviously limited; necessary information could not generally be obtained

I'rom indirect sources. Also, representative CI-MC observations may
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occasionally fall below the lines shown in plate 28 (5 of the 72 values
tested did) in which case the envelope curve formed by the intersecting

lines must be used for prediction purposes.

Rating Cone Index

121, Methods used to predict RCI and procedures used in evaluating
the methods were essentially the same as those used for CI. Cor quently,
the discussion that follows is somewhat abbreviated.

Predictions oased
on soil property data

122. In a manner analogous to that discussed in paragraph 106, RCI
can be expressed in terms of a soil property or properties. On tne basis
of clay content (see relations shown iu paragraph 66), for example, the

equaticn is as follows:

2.123 + 0,008(7, clay) - 0.693 in MC
0.149 + 0.002(7 clay)

In RCI = h.605 +
For a soil with a clay content of 10% the equation becomes
In RCT = 17.658 - 4.101 1n 4C

With an input MC value this eguation can be used to predict RCI.

123, Two predictions of RCI were made, one on the basis of the USDA
separates and the cother on the basis of the Atterberg limits. Prediction
evaluations were made with the 33 sites used in deriving RCI~-MC coefficient
relations. Deviations between estimated RCI and specific RCI were computed
at seven levels of specific RCI (25, 50, 100, 150, 200, 250, and 3C0) in
the same manner as that for CI (see paragraph 108). Results are portrayed
graphically in plate 30.

12k, For predictions based on the USDA soil separates, standard de-
+29 + |-13]

viations ranged from about 21, i.e. s at a specific RCI of 25 to
about 194 at a specific RCI level of 250; based on tne Atterberg limits,

cerresponding deviations were abcout 19 and 140. Predictions were poor
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except for those based on the Atterberg limits at low (<100} specific RCI
values. The extremely poor prediction accuracies at high levels of specific
RCTI are probably attributable tc the steepness of RCI-MC relations. As
shown in plate 12, for example, & moisture content change of 1% ac & spe=
cific RCI level of 300 corresponds to an RCI change of more than 10O units.
Average algebraic deviations of the predictions were insignificant.

125, Standard deviations of measured RCI values were computed in the
same manner as that for CI (s.e paragraph 110). A summary of measurements
and prediction accuracies is shown below.

Standard Deviation from Mean

at Specific RCI Levels of
2 50 100 150 200

RCI measured 9 1k 25 33 38
RCI predicted on basis of USDA

soil separates 21 33 57 92 138
RCI predicted <n bhasis of

Atterberg 1imits 19 18 27 5k ok

Data included in thea tabulation above arain show that RCI predictions based
on USDA soil separates are poor. When . -mpared with measurement deviations
below the 150 specific RCI level, deviations from predictions based on At-
teiherg linits do not appear to be excessive; in fact, accuracies are about
the same at the 100 specific RCI level. Of interest is the fact that at =2
given level of specifice CI or RCI, RCI measurement accuracy is markedly
poorer than is CI measurement accuracy.

12€. fThe multiple correlation coefficient for the relation between
MC at 100 RCI and the Atterberg limits is 0.9L6 (sec tabulatior at top of
page 27), and the coefficient of determination is 0.895. Consequently, the
unexplained variance (10%) is associated with a standard deviation of 27
RCT units. Viewed in this manner, results are particularly disturbing; the
correlation is better than could be expected, or even hoped for, but still
not sultable for accurately predicting the performance of a given vehicle
(see tabula.ion in parapgraph le). A better understanding of RCI might well
be pained by studying the influence of the soil properties discussed in

paragraphs 113-115,
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red RCI-MC ob<°rvat10n

127. A method for predicting RCI was developed from the relation that
exists between the two RKCI-MC coefficients (sece plate 18) in the same man-
ner as that for CI discussed in paragraphs 116 and 117. By plotting a rep-
resentative RCI-MC observation on the graph shown in plate 31 an estimated
RCI-MC relation can readily be established.

128. Prediction accuracies are shown in plate 32. Standard devia-

+16 + |-6]
2

tions ranged from about 11, i.e. , at a specific RCT of 25 to
about 137 at a specific RCI level of 250. A summary of measurerent and
prediction accuracies is shown below.

Standard Deviation from Mezn

at Specific RCI Levels of
2 50 100 150 2%

RCT measured O b 25 33 38

RCI predicted con bhasis of Atter-
berg lirits 19 18 27 5l ol

RCT predicted on basis of site-
mean RCI-#C observations 11 15 23 51 GQ

At specific RCI levels of 100 or less the accuracies of measurcments and

predictior.; based on representative RCI-MC observations are about the same.
At higher levels of specific RCI, accurecy of predictions based on a repre-
sentative RCI-MC sbservation decreases rapidly, approximating that of pre-

dictions based on the Atterberg limits.




FART IV: CONCLUSIONS AND RECOMMENDATIONSG

Conclusions

129. The basic data used in this study were limited in two major re-

spects: {(a) all were teken from soils within the temperate zone (specif-

ically, from the continental United States) and (b) all werc taken from

soils with significant amounts of fines (i.e., the strength of any given

soil used in the analyses was not entirely due to internal friction alene).

Conclusions are, of course, restricted to the confines of these limitations.

130.
reader, the

clusion are

Conclusions are listed below. Tor the convenlience of the

princinal paragraphs, tables, and plates supporting each con-

noted.

a.

ko2

Ie}

(F=1

For all soils CI and RCI decreuse with an increase in MC
(paragraphs 21, 51, 52, and 78, t.bles 1 anc 2, and plates
9, 10, 19, and 20). For almost all soils RI decreases with
an increase in MC (paregraphs 11 and 103, table 3, and
plates 25 and 26).

Arithmetic slopes of CI-MC relations are approximately par-
allel regardless o. soil characteristics (puragraph 30

and plate 8). Arithmetiz slopes of RCI- and RI-MC rela-
tions tend to become [latter with decreases in grain siuze
or increases in plasticity (paragraphs 69, 101, and 103 and
plates 18, 25, and 26).

Beth CI and RCI are quite sensitive to changes in MC. “or
exarple, at the 200-CI and 200-RCI levels a change in M

of +1.0% corresponds to an average change of -16 and -30

CI and KCI units, respectively (paragraphs 30 and €2 and
plates 2 and 12). The sensitivity of RI to changes in M7
decreases witnh decreases in grain size o increases in
plasticity, apparently to a point where RI is not associated
with MC (paragraphs 101 and 103 and plates 25 and 26).

Relations significant at the 5% level exist between the co-
efficients and the following individual soil properties:

CI-MC RCI-MC RI
Coefficients Coefficients Coefficient
USDA sand USDA siit USDA silt
USLA clay U"3DA clay USDA clay
1SCS fines viguid limit Liguid lim. .
(Continued)
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CI=MC RCI-MC RY
Coefficients Coefficients Coefficients
Liquid limit Plastic limit Plasticity index

Plastic limit

Plasticity index

Plasticity index

Little correlation exists between dry density and any of
the coefficients (paragraphs 36, 37, 40, 66, A7, 89, and 90
and plates 3-7, 13-17, and 22-24),

Values of CI- and RCI-MC coefficients (MC at the 200~ and
300-CI levels and MC at the 100- and 200-RCI levels, re-
spectively) increase with a decrease in zrain size or an
increase in plasticity (paragraphs 34-36 and 64-66 and
plates 3-6 and 13-16). Values of the RI coefficient (site

mean RI) increase with a decrease in grain size or an

increase in plasticity (paragraphs 87-89 and plates 22-2k).

Interacting effects on CI, RCI, and RI exist between MC and
the USDA soil separates. At a relatively high MC level
(40%), changes in all three strength parameters are associ-
ated almost entirely with changes in clay coutent. With de-
creasing MC, however, changes in the strength parameters
tend to become more closely associated with sand content;

at the 20% MC level, sand content is either a primary or
the dominant associated factor (paragraphs 50, 78, and 100
and plates 9, 19, and 25).

Interacting effects on CI, RCI, and RI exist between MC and
the Atterberg limits. At a given MC level, plastic limit
is a factor consistently associated with the three strength
parameters; it is of either primary or secondary importance.
Liquid 1imit is a factor of primary, secondary, or little
importance depending upon the strength parsmeter and mois-
ture level in question ({paragraphs 52, 79, and 102 and
plates 10, 20, and 26).

With an input MC, CI or RCI can be predicted with a knowl-
edge of USDA textural classification system class or USCS
class, one of several individual soil properties, one of
several groups of soil properties, or a representative
CI-MC (or RCI-MC) observation. Prediction accuracies, how-

ever, are not good.

Based on the Atterberg limits, for ex-

ample, standard deviations of predicted CI ranged from
about 27 at & CI level of 50 to about 133 at a CI level of
300; standard deviations of predicted RCI ranged from about
19 at an ROI level of 25 to about 9% at an RCI level of 200
(paragrephs 106, 109, 117, 119, and 124 and plates 27-32).
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Recommendations

131, Based on the limitations of hasic data used in this study and
recults of the analyses the following recommendations are made.

2'

An additional soil strength study based on field data
should be made. Data collected with the 0.2-sg~-in. cone
penetrometer (maximum resding of 750) would be included.
The study would be patterned after the one presented
herein with the following important exceptions.

(1) Measured MC values by ‘ncrements of measured CI and
RCI (perhaps 10 or 20 units) would te related to soil
property values. This would (a) eliminate the neces-
sity of using only those date for which reliable CI-MC
or RCI-MC relations exist, (b) provide a means for ac-
curately approximating the true equation form(s) de-
scribing the CI-MC and "CI-MC relations, and (c) allow
incorporation of practically all CI~-MC and RCI-MC data
available, thus greally expanding the applicability of
derived relations in terms of soil property value
ranges and/or regions of the world.

(2) The feasibility of establishing relations with MC ex-
pressed on a volumetric basis would be investigated.

(3) Contents of soil separstes would be based on the total
soil.

(4) Depth at which CI-MC and RCI-MC observations were made
would be treated as an additional independent variable.

(5) Activity would be treated as an additional independent
vaiagble to provide some means to account for the ef-
fects of clay type.

The final output of the study would consist of series of
textural triangles and plasticity charts on which CI and
RCI isclines will be superimposed (see plates 9, 10, 19,
and 20). Graphs will be by 1% or 2% increments of MC and
probuoly by increments of activity and other soil proper-
ties if they are found to make a significent contribution.

A leboratory study of the strength of inorganic clay matrix
soils (soils in which particles >0.002 mm are separated by
8 clay-water system) should be made. The study would be
based on the assumption that all the water contained in a
clay-metrixz soil is associated only with the clay fraction
of that soil {for all practical purposes this has been
proven true for remolded soils). Prepared soils composed
of ground quartz, washed sand, and kaolinite, illite, and
bentonite clays (all with the same adsorbed catioa type)
will be used. The purposes of the study will be to:
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(1) test the hypothesis that at a given MC of the clay fruc-
tion, the remolded strengths (RCI) of all clay matrix soils
containing a given type of clay and adsorbed cations will
be equal regardless of the content of clay, (2) test the
hypothesis that at a given MC of the clay fraction, the re-
molded strength (RCI) of clay-matrix soils containing a
given type of adsorbed cations will very with clay type,
and (3) gain basic knowledge pertaining to soil strength.

A lsboratory study of highly organic soils should be made.
In this study the assumption would be made that all the
water in the soil is associated with the clay and organic
matter fractions of the soil. Prepared soils similar to
those noted in paragraph 131b would be used except that
various types of organic matter (i.e. at various stages of
decomposition) would be used to estsblish the effects of
organic matter conténts and types on remolded soil strength.
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40
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20
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MC AT 200 RCI, %

CORRELATION COEFFICIENT = 0.938,

RELAT'ON BETWEEN MC AT 100 RC!

NOTE: MC AT 100 RCi = -0.745 + 1.231 MC AT 200 RCI,

AND™MC AT 200 RCI
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APPENDIX A: BASIC DATA

1. Included in this appendix are tables of site characteristics,
soil physical properties, and soil moisture-strength data. The methods

used to obtain values are also set forth.

Site Characteristics

2. Table Al gives the location, elevation, slope, aspect, topo-
graphic position, drainage characteristics, wetness index, land use, and
vegetation of each site. The location is indicated by the nearest town,
state, latitude, and longitude as determined from maps.

3. The percent slope and aspect were measured with an Abney level
and hand compass. The topographic position was indicated as uplend, ter-
race, or bottomland; modifications of these basic positions were indicated
by additional descriptors such as ridge, upper slope, flat, etc.

4. Surface and internal drainages were classified as good, moderate,
or poor. The wetness index is an arbitrary classification of sites into
five groups on the basis of either minimum depth to water table or maximum
depth of infiltration. The classification is used as an indicator of the
maximum moisture content that can be attained in the 0~ to 12-in. layer;
the wetness index ranges from O for soils in arid regions to U4 for soils
subject to near saturation. Depth to water in observation wells, soil mor-
phological features, soil moisture-tension relations, weather, and vegeta-
tion were used as indicators in establishing wetness index c¢lasses.

5. Included under land use are disturbances of the land such as cul-
tivation or grazing. If no evidence of use during the preceding five years

was apparent, the site was considered to be undisturbed.

Soil Physical Properties

6. Soil physical properties of the 6- to 12-in. layer for each site
are listed in table A2. Incliuded are USDA and USCS grain size fractions,

Atterberg limits, organic matter content, dry density, and USCS and USDA

Al

4
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soil classes. All properties except dry density were obtained from a com-
posite of five bulk samples for sites nuwbered 129 turough 136, and from &
composite of two bulk samples for all other sites. ’

7. The mechanical compositions Qf solls were determined at the WES
by & combination sieve and hydrometer analysis; grain size fractions are
expressed as percent of dry weight. USDA sand (0.05 to 2 mm), silt (0.002
to 0.05 mm), and clay (<0.002 mm) contents are based on that soil passing a
No. 10 U. S. standard sieve, whereas fines (<0.074% mm) content is based on
the whole soil.

8. The Atterberg limits were determined at the WES. Orgenic matter
content determinations were made at The Mississippi Agricultural Experiment
Station. Values are expressed as percent of dry weight. Results for most
soils were determined by a modified Walkley, rapid, dichromate oxidation
method. If organic matter contents as determined by this method were
greater than 5 percent, the loss-on-ignition method following modified pro-
cedures of the Association of Agricultural Chemists was used.

9. TUndisturbed core samples were used ir determining dry deﬁéi@y
values. Sempling frequency and equipment used are listed beiow: -

- - No. of
Site No. No. of Sampling No. of Samples per
Range Sites Equipment Used Collections _Collection
14-35 22 Trafficability Every visit .- L
sampler possible i .
1-13 65 Modified 1 .2
38-128 Sen Dimas
150-156 sampler
129-136 8 Modified 1 5
San Dimas
sampler

Use of the trafficability sampler for dbtéining semples is discussed in
Appendix B; procedures for using the San Dimas sampler have been set forth
by Broadfoot.le* Dry density values shown in table A2 are in pounds per
cubic foot; for a given site the value shown is the average of all samples

*¥ Raised numbers refer to similarly numbered items in the Literature Cited
at the end of the main text.
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taken. {A valne was not determined for site 17.)
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10, USCS classes are differentiated on the basis of soil textural
and plasticity characteristics. The system is used primarily to classify
solls from an engineering construction standpoint. USDA textural classes
are based solely on soil texture. Classification criteria are set forth in .

the USPA Soil Survey Manual.l3

Soil Moisture-Strength Data

11. Soil moisture content (MC) and soil strength data (CI, RI, and

RCI) of the 6- to 12-in. layer fol &ach site are shown in table A3. Equip- -

ment used and procedures fol}oﬁednih.méasuriné soil strength are discussed

" in Appendix B. The trafficability sampler, described in Appendix B, was

--used to obtain gravimetric moisture samples.

12. Merked differences existed in gite areas and the number of soil

moisture and strength cbservations made at a site, as sﬁown-yelok.

NO . Of OB‘

Site No. No. of- Sipetﬁrea ’ sérvations per Visit
Range_. Sites sq £t . MC CI - " RI
14-35 22 1600 - b 12 L

1-13 65 T2 4 6 L
38-128
150-156

129-136 8 440 5 20 5

The relation between size of area and number of observations is important
because the. reliability of data is to a large extent dependent on sampling
intensity. Differences in the reliebility of data can be compensated for
statistically through use of weighted analyses. This was not-done. in this
report because.éudh analyses are camplicated and because of the large
amount of data wtilized. . :

l3:'-Includéd for each site in table A3 are tﬂe dates of visits and
average valﬁeé of‘MC (expre5sed:iﬁ pércent dry weight), CI, RI; and RCI

for each visit. - -
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Table A2
Soil.Physical Properties, 6- to 12-in. layer

Mechanical Analysis, % by wt Atterberg Orgenic Dry
Site USDA UscCs Limits Matter Density Classification
No. Sand Siit  Clay Fines _LL  IL PIL_ ¢ pef  05C5_ USDA
. 1 6 75 19 99 28 23 5 0.8 85 MI, a7
2 4 78 18 100 35 27 8 1.2 88 ML SiL
I 6 Lo 45 96 60 25 35 1.8 82 CH Sic
6 i 79 17 100 38 26 12 1.5 82 ML SilL
7 b 80 16 100 25 24 1 0.7 80 ML SiL
8 6 72 22 99 36 23 13 0.h4 84 <L SiL
9 30 61 9 77 19 17 2 1.0 95 ML SiL
10 30 57 13 77 2k 18 6 0.8 gk CL-ML SiL
12 22 55 23 84 31 18 13 0.9 86 cL SiL
13 18 36 46 83 68 23 ks ¢.8 76 CH C
1k 9 €5 26 96 38 21 17 -- gl CL SilL
15 12 63 25 91 55 20 35 1.9 86 Ct SiL
16 18 52 30 87 L5 25 20 3.5 90 CL SiCL
17 13 62 25 89 82 42 4o - - OH SiL
18 - 8 58 3h 96 54 18 36 - 91 CH SiCL
19 18 51 31 88 52 24 28 2.8 98 CH SicL
20 12 68 20 91 33 21 12 - 94 CL SiL
21 9 69 22 96 34 21 13 2.3 93 CL SiL
22 46 38 16 69 31 22 9 2.9 82 CL L
23 15 36 4o 90 58 25 33 1.6 90 CH c
24 14 sk 32 gl 33 19 1k 4,2 86 CL SiCL
25 51 4o 9 60 29 24 5 3.8 85 ML L
26 6 70 2k 9% Lg 22 27 3.4 80 CL SiL
27 9 79 12 99 48 22 26 3.1 80 CL SiL
28 12 68 20 a7 3k 18 1 0.7 93 CL SiL
29 9 63 28 97 5k 23 31 L1 78 CH SiCL
30 20 L7 24 80 L2 2 18 1.0 91 CL L
31 23 4 30 88 43 23 20 1.1 93 CL CL
32 14 29 57 91 60 26 3k 0.9 92 CH o
33 23 37 40 88 L3 19 24 0.9 99 CL C
34 10 20 70 92 107 28 79 0.9 82 cH c
35 60 30 10 kg -- -~ NPr - 106 SM SL
38 60 35 5 53 16 -~ NP 0.2 84 ML SL
39 1k 71 15 90 28 20 3 0.7 91 CL SiL
i gk L 2 7 16 -~ KNP 0.3 95 SM S
L7 29 20 51 72 57 2h 33 0.7 70 Ci c
18 35 23 42 66 €3 28 35 0.5 89 cH C
51 65 30 5 43 21 -- NP 0.4 22 M SL
58 36 24 40 72 53 23 30 1.7 87 cq c
60 29 49 22 83 30 20 10 0.9 90 CL L
61 13 65 22 93 32 22 10 1.2 83 CL SiL
62 50 35 15 67 20 17 3 0.5 03 ML L
67 12 65 23 93 39 31 8 0.7 59 ML SilL
71 1 €7 14 93 27 20 7 n.5 91 CL-ML SiL
72 16 73 11 95 26 22 i 0.8 88 CL-ML 8iL
7h 8 70 22 L5 37 25 12 1.4 85 ML SiL,
75 L2 53 5 68 18 -~ NP 0.6 90 ML SiL
76 22 51 27 92 L6 22 24, 1.3 g0 oL 81l
7% 37 40 23 8 3L 1717 1.0 ¢o cl L
81 57 23 20 57 25 15 10 0.5 103 cL SCL

(Continued)

¥ NP = nonplastic.
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! Table A2 (Concluded)

Mechanical Analysis, ¢ by wt Atterberg Organic Dry

Site USDA Uscs Limits Matter Density Classification
No. Sand Silt Clay Fines LL_ FL  PI 9 pef USCS USDA
83 37 Lo 23 73 48 22 26 1.9 95 CL L

85 71 18 11 42 22 17 5 0.8 97 SC-SM SL
88 28 66 € 82 2 22 4 2.1 8l CL-ML SiL
89 22 72 6 88 28 24 L 1.9 69 ML SiL
90 91 7 2 11 15 -- Np¥ 1.5 95 M S

91 93 6 1 9 W - NP 0.8 89 SM S

gl 8k 15 1 19 15 -- NP 1.7 o5 SM LS
o5 37 57 ¢ 76 22 19 3 1.1 87 ML SiL
96 L8 L7 5 59 20 16 L 0.8 80 CL-ML SL
g7 25 €9 € 36 25 21 I 1.0 72 CL-ML SiL
98 26 69 5 83 26 22 i 1.6 77 CL-ML Sil
101 30 37 33 76 Y5 19 26 0.9 86 CL CcL
102 €h 31 5 L3 17 15 2 1.3 92 SH SL
103 18 66 16 gk 6 26 10 3.7 61 ML 5iL
105 18 64 18 93 b1 26 15 .0 60 ML SiL
108 12 76 12 98 €4 L8 16 5.8 57 M SiL
109 Ly 38 18 62 36 22 14 2.6 72 CL L
110 L2 42 16 65 3¢ 25 14 5.0 67 CL L
112 34 51 15 78 38 25 13 5.3 €5 ML, SiL
114 20 65 15 96 L2 28 1k 5.5 60 ML SiL
115 31 L9 20 82 29 19 10 3.7 70 CL L
116 46 42 12 66 4o o Lh 5 L,2 59 ML L
117 10 55 35 93 36 17 19 0.9 92 CL SiCL
119 11 4o 40 99 38 19 19 0.6 o7 CL sic

| 120 9 71 20 93 33 23 10 0.5 92 CL SiL

123 32 48 20 Th 28 18 10 0.6 ol CL L
12l 7 h 19 35 .- - NP 1.1 89 ML SiL
125 10 76 % 97 32 23 9 0.5 8l ML SiL
126 € 60 34 s8 L7 2k 23 0.7 91 CL SiCL
127 17 58 25 91 30 20 10 0.8 99 CL Sil
128 9 62 29 9% 39 20 19 c.8 93 CL SiCL
129 7 78 15 99 36 2 12 1.3 91 CL SiL
130 12 73 15 98 33 22 11 1.6 92 CL SiL
131 22 59 19 89 36 20 16 1.0 92 CL SiL
132 3 38 56 a9 88 31 57 1.2 76 CH o
133 5 72 23 ) 3 22 1 1.0 92 CL SiL
134 N 45 51 96 8 30 55 1.7 73 CH Sic
135 3 5k L3 95 73 28 45 1.3 80 c4 SiC
136 0 69 31 100 50 19 31 1.6 88 CH SiCL
150 10 50 40 95 52 20 32 2.0 89 cq 3iCL
151 14 51 35 93 Y7 22 25 2.9 85 CL SiCL
152 17 62 21 90 30 20 10 1.7 84 CL SilL
153 1k 67 19 ok 33 22 11 2.0 €9 CL Sil,
155 20 67 13 88 3w 26 8 3.3 77 ML 3L
15€ 16 71 13 ol % 26 10 2.8 71 ML SiL

NP = nonnlactic.
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Yable A3
S il Nddsture-Strenith Data, .« tu 12-ln. laver
. Date _ IC, CL_ _RL KT | Date 1€, © L _RL KL Date N, © €L _RL  RCL
Site 1, Vicksburr, 53, Site 2, Vieksburp, Iss. (Cont'd) Site b, *awd, lo. (Cout'd)
4 /3/51 30.6 128 2/ /52 272 210 0. s | 25 33,5 1
/h/51 1.0 12/ 2/11/52 200 232 0.0 139 | 2/11/%2 32.0 Ik
‘ 4/5/51 28,4 13 2/15/52 25.9 23 a/1%/92 33.3 13
W/ /51 28,0 132 2 25/92 2.5 12 d.a 111 2/27';2 33.2 10
h/19/41 29.0 12, 373,52 28,9 207 ok s 1 /32 2.7 L2
Y/12/61 29,1 13 3/11/%2 27, 197 0,50 R | 3/21/52 N ke
L/17/5) 27.1 12) 3/11/52 27.1 215 0.42 0 | 31e/32 3.5 2 dupl
4/19/51 23.2 232 3/2h/52 25,5 241 0,70 W9 | /192 335 %
4/21/51 31.0 102 /31/52 2,.2 255 0.& 173 | /2k%2 y LI0
Iy/2/51 2B.. 1b 4/7/52 25.0 20 3/31/52 3.y 200
bfeg/s1+  2B.2 Ypu 0.7 218 | u/1k/s2 2.5 2hh 4/ 1k /52 33.8 1
. k/20/51 304 128 ook L2 | 52 /%2 25.9 284 hr21/:2 2).0 3N
: L/27/51  Z2.1 W5 0.C b h/25/52 33.0 153 .7 "1
L/27/51" 29,5 181 0,53 9% Site b, lound, la. by2b/52 M.E 17
4/27/51 25.; 215 5/5/52 W.2 0
k/28/51+  29.2 170 o0.k2 i | h/1/s: 33.8 140 /1352 33.7 1/ AT 11
4/30/51 a2t 198 0.1 121 L/3/51 3.4 128 y/20/52 20 iy
5/1/51¢ 25,6 100 08 h/h/51 2,9 1 S 2752 33.5 10
5/1/91r 20,6 201 o.ks  p L/s/51 ERT
5/2/51 2.5 222 084 1, L/5) 1,0 188 3ite , Ji~ksburg, ‘iss.
5/2/51" 27,1 19 o4 9 W/7/51 2,7 127
5/2/51 23, 300+ ARV R F R LT 2202 B2 @ ALk 0
5/2/51* 23.0 25. Y7251 .5 340 z/2, 772 £} 7L S FUS T
o/3/51¢ 20 1 BRI YARYEY 31.3 1k Wi /o2 .7 hL 0 D07 b
5/3/51" 23,2 132 0.3 50 L/1k/ oL 31.3 139 ho13.92 hay oy D Ky
5/3/51r 26,2 20k 0, 5 133 4/13/51 0.5 1 .22 52 3):.% Lk 393 i
5/4/51 2. 10 0.2 12 | L/20/51 3o 17 bk w2 s 2.5 2
5/4/510 2.7 W3 by h/2h/oy A WL ) 52 EDUIR- A 5
5/4/51 23,5 2Ly 5/22/51" 2.5 ) o2 WA W 0k
S5//51 25. 176 o k2 | p/23/5L 1125 S22 308 k2 05T R
5/5/5Lr 27.0 o 0M8 & y/eh/o1s 2300 132 5723152 @2 5%
5/5/51° an.t 23 yh/se 332 11 EC
37751 25.0 220 Y/ 25/51" 33,0 e S 2t
5/ 7/51¢ 2,.0 213 0.4z 2 J2 /o1 2. 23 A1l P e s
Y/ (/51 o b2 3 0,93 kR 5/2 /oL 31,5 A 1 2. o5
5/a/51 LIS I T B SR £ Y- K P S SR US 200 b s
: 5/9/51 23.3 2.0 SI2)/50 e 20 DL 22 20 ey 13
5/9/51 25., 210 0./1 %9 5/31/53 " 23,0 216 12305202y 2M oo 102
‘ 5/10/51+  25.2 213 0.b% 105 5/31/51 0. 1 L2ho221 2452 2020 5.3
5/10/51¢ 22,3 101 0.k 5 [ 5/31/51- 3.7 Lhs s b iR 2au 203 12
b 5/11/510 27,2 18% 0.51 9 /2/51¢ 37.2 1.3 Je lu2r Y235, 17
5/11/51~  23./ 300+ EVIAT 2.4 1k, /27752 2x2 Ly
) S/4/51¢ 27,7 w8 0h3 2 /47510 2.0 142 n/2efsz o2k
’ 5/11,/51 234 175 0078 13 | . hyor 320 ve 102 15 | 1B/102 23.1 220 .
5/11/51 20. 14T 1.07 157 s 2.2 W3 0.5 12 12/9/2 5.7 13 2.3 3
5/12/51-  25.h 159 0.3y 1.2 ¢ f7)51 3.5 1% 1270 /%2 2.2 1Y o 104
2/12/5% 2k, 251 AN 32.3 13 242150 300 7 90 )
5/ /51¢ 25,1 1.9 Ok /151 2.2 157 2/19/m2 0 3.2 e ek 120
u/1b/51 270 201 /51 KR 1271392 2% 1 b 11
J/o/83- 3. 1y 2 ee/n2 1. l‘h o2 1R
. Site 2, Vierourg, Fuss /9/510 33.1 %2 12/252 30.2 7 ), 0 i
v /11510 3.8 9) IV VO B - 31.) 12 2.4y 1
3/31/51 25.4 235 ARV 29.7 230 L/ 93 Wx L3001 17
Vet 25,4 300 /12/51 3. L2 V53 32, 132
b/10/ )L 25.1 242 /12/510 33, » 1/12753 .2 07 0.2 )
/13/52 2.2 2y L13/510 330 3 VARSI O i
Jlgsu 2.2 Wb 003 )L AT 32,, 120 /19752 2.x 193 9.t Wb
1y 254 2l JAUYAAN W1 1 0E 2 1723753 ECRA L SRR S
720/ u1¢ 2.3 187 0. ) 1y /i5/52 @3 L e {f; a1, lfu. 0.9 32
/205 2:0 7% d. 9 Lih /15751 CL T SRV IR I - B 1 s 3., 1he \.3% >
) FESVES I (N ON NG5 330 11y o g | 2P0 oo oD
237593 2.2 231 2 12) BRI 324 22k 2 o2 7)’
f2/51 250 2 PLT 3 e A L A
/20/510 2.0 @) /21/51 30.0 12 21 2/9s ?2.) Ll )1 5.
NV 200 2ol 3150 23, 235 2//1”;/)? 3?.? 121 \.:)2 3
12/ 2 FEN-1 1/2/';2 22,5 L1 ariz. - 2.l e v
e oo 2k LI/9R 2.2 14 KERLE: 3. e e :
Jh/pd enas 22 oy Ol k752 @0 e @ Lumio T
221/ 2.5 1%0 9.k 1/21/52 nL, 22 2/asrns Hos 5 Tk
12152 2., o )2 2 1,0 /8 .3 224 = 3 .y 2 .
22 5% k%, vk ;
foetineed)
il roreter fest artiriclal vel ‘al v, e 0 sbeets)
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Table A3 (Continued’
Date I, § €L Rl ECT batc . 1,7 _CL EL RCI Tate . T, CL _RL RI

Site A, Vicksburg, Miss. (Cont'd)

Sitc 8, Vicksburg,

Miss. (Crat'd)

Site 1, Bllic . ille, Miee, (oent'))

2/5 .1 112 0.55 62 | o/RifR 2,1 #1b 3/13/93 26,1 2 0.34 48
%%g 31,7 89 ogﬁ 0 | 6/3/%2 2.0 289 3/19/53 22.h 177 0.29 51
3/5/53 32.9 95 0.57 b n/eyse 27,1 18 3/23/53 23.1 173 0.33 57
3/9/53 2.7 129 0.55 71| &/5/:2 284 162 0.89 1k 3/30/53 25.3 151 0.25 38
3/42/53 3h.,3 89 12/8/52 25.7 19 0.83 163
310753 3.2 88 0.66 o | 12/1/5e 27.5 199 0.81 15} Site 12, Laurel, Miss.
3/19/53 w2 91 0.55 sk | /1552 25.5 270
3/23/53 3.6 95 0.0 38 12/19/52  25.h 237 ) 7/12/52%  23.0 126 0.89 101
3/23/53 33.9 101 058 59 ]2/22/52 29.2 176 G.95 1‘)8 ’(‘/1&/52* 21.6 175 0.76 133
3/26/53  33.6 90 o.52 k7 | 8/2g/52 27 22 T/ibfsex 18,8 228
3/30/53 327 99 0.2 61 | 2/53 29.5 153 7/15/52%  19.5 165 1.39 229
l+/2A3 2.0 121 0.5 71 | 1/5/5 27.1 188 7/16/52* 20,6 165 0.Gh 105

1/9/53 31.1 10 7/16/52%  17.2 250
Site 7, Vicksburg, Miss. 1/12/53 29.1 198 7/17/52  20.% 165 0.87 hh
1/16/43 27.7 2i3 f/17/5ex  18.0 237
4/8/52 29.9 150 0.2k 3 1/19/53 28.3 167 ) /18/52+ 18,0 204
4/15/52  30.5 152 0.31 L7 | 1/23/53 30.5 18k 0.79 122 1/13/53 25.2 109 0.51 56
Lf22/52  21.9 180 0.2k w3 | 1/29/53  2%.2 136 1/20/53  25.3 108 o.74 80
h/29/52 0.k 177 0.29 51 1/39/53 30.7 156 1/27/53 25.8 117 0.62 72
5/6/52 26 233 2/2/53 27.1 221 2/3/53 20, 93 0718 T2
5/20/52  25. 25k 2/9/53 2.0 20k 2/19/53 2.6 89 0.83 Th
5/27/52  27.5 171 0.38 .5 | 2/9/53 27.7 172 2/23/53 25,0 109 0.61 66
6/3/52 252 18 2/13/53  27.1 202 0.84 170 | 2/25/53  27.9 105 0.72 5
7/18/52*  28.1 W 2/13/53 28.6 119 0.88 105 3/4/53 25.9 103 0.80 82
12/5/52  31.8 152 odo 41 | 2/1)/53 208 187 0./0 131 4 311753 20,9 113 0.55 2
12/8/52 30,3 1 0.29 48 | 2/17/53 27.8 1/3 0.80 138 3/12/53 28.. 10k 0.51 53
12/12/52 29.3 181 0.32 56 | 2/19/53 28.3 150 3/18/53 27.5 110 0.7¢ 8k
12/15/52 27.5 185 2/216/53 28.8 148 0.70 104 1/2%/53 2~.3 105 0.68 72
12/13/52 28,5 209 0.7 98 | 2/26/53 27.2 168 3/30/53 24,7 107 0.8 T3
12/22/52 27.9 12k oke 52 | ¥/2/55  27.9 16k
12/29/52 29.7 119 0.33 59 | 3/5/53 27.3 171 0.79 135 Stte 13, Kddins, Miss,
1/2/53 30,9 127 0.556 8k | 3/5/53 26.5 188 ) ,
1/5/53 291 1713 oMl T3 5/9/53 264 198 7/3h /52> 38.5 151 o
1/9/53 30.8 138 0.48 64 3/12/53 27.5 1h2 7/15/52* ¥ .M 199 1.04 2u
1/12/53 30,9 173 0.43 b 3/17/53 29.7 1% 0.81 110 7/1./52%  30.5 300
1/16/53  29.5 195 3/11/53 28.. 322 o5 /9| wir/ver 32,0 300
1/19/52  27.9 3k 0.78 104 | 3/19/53 ar.h 183 7/18/52%  33.9 3%0
1/23/53  30.9 106 0.h0 k2 3/23/53 28.7 155 0.91 14 1/14/53 43.0 135 1.05 Mk
1/26/53  29.5 118 3/26/53 27.1 158 1/21/53 38.7 129 1,12 144
1/30/53 32.3 147 0.27 ko | 3/30/53  27.2 186 1/27/53 Wk 125
z/eéa 29.9 160 h/2/53 25.3 21b 2/10/53 40.8 5% 1.07 117
2/6/53 30,0 105 0.9 10% 2/13/53 k0.8 114 1.0k 1.,
2/9/53 30.9 133 0.32 Sk Site 9, Fllisville, Miss. 2/26/53 42.2 _78 9,93 72
2/12/53 28.6 103 0.30 31 ~ 3/5/53 41.3 200 B 98
2/13/53 29.2 122 0.59 72 | //1@/%2* 18k 233 3/9/53 50.1 110 1.99 120
2/15/53 29.7 123 0.8 59 [ 7/19/52r 1.8 252 3/12/53 .0 8 C.8 75
2/17/53 28,9 148 0.38 56 7/i7/52  13.8 300 3/14/53 37.2 91 118 107
2/19/53 28.6 w1 0,78 1o | /18/5 16,9 287 3/20/53 Wb 116 6.95 111
2/21/52 313 106 0.38  ho | 1/15/53 19.0 272 0,52 1M} | 3/26/53 40.5 89 1.0+ 93
2/26/55 30.2 83 0.3 52 1/22/53 20.7 258 0.k 1h | 3/30/53 40.9 140  1.36 190
2/27/53 29.2 120 0.20 24 | 1/26/53 7.5 270
3/2/53 29.5 171  0.45 Sk 2/5/53 18.7 252 Site 14, lafayette, 1lnd.
3/5/5% 271 131 0.69 9 | @/11/53 8.4 266 0.89 237 ) ]
3/5/53 28.0 127 0.3z 1 | 2/18/53 18.3 277 12/5/51 249 179 0.2 11l
3/9/53  29.1 180 0.k3 7 | 2/27/%3 7.2 259 1711/51 4.5 168
3/9/53  27.0 166 2.30 so | 3/1/53 20,1 249 030 75| 1/3/52 25,0 1k2
3//12/53 33.0 111 0.57 :,3 5/19/55 18.0 2% 1/0/52 2k.0 1ké
3/10/53 31 98 o ko 3/2k/53 20.2 284 o.hz 119 1/15/52 25.7 165
3/19/53  2o.0 110 o4& sy | 3/30/53 16.7 300 1/22/52 27.2 155
3/23/53 31,3 11} 245 50 . ] 2/5/52 0% 129
3/20 /53 22.7 121 0.h0 48 Site 10, Fllisville, Miss. 2/13/52 2’:.9 ll@
3/2./53  27.5 110 0.15 18 ) . _ | d/eyse 25k 156
3/30//53 20.2 153 0.2 80 '[/12/52’ 19.9 10 0.7 122 2/2_7/52 23.5 188
3/30/53 30.0 125 0.5 5k wser 178 300 3,9/92 28.1 149
3/31/53 29.0 151 0.0 91 7/28/ p2¢ 17.5 300 32/52 26,3 123
h/2/53 31.5 1k 0.35 51 1/15/53 2h.c 131 0.33 91 | 3/9/52 26,7 145
1/22/53 25,0 126 0.8 0| 3lasse 25.4 146
Site b, Vicksbure, iliss. 2/5/53 25.2 157 0.38 0| k/g/s2 25,0 200
2/11/93 2%.4 133 038 50 | Wiv/52 25.3 139
4,70/52 23,4 277, 2/18/53 25,7 123 $.25 43 b ‘el /52 er.y 12v
4715752 20.8 189 0.57 127 2/27/53 23.4 1 0.30 W3 4/28/52 b7 187
hrafs2 23.7  2b8 3/~/53 2 132 0.37 by [ 5/5/52 2h.y 159
W/23/52 25.0 23 0.4 173 3/11/53 242 14 0,20 33 5/12/92 26,7 110
(Centiryed)
LML memeter 0 0 (wrtiticial raanfall), (2 of 2) Lrere)

S e

S




7

ki

P v

T

et € wrvan R et g

Table A3 {Continued)

Nadn g ™~ nT AT
N LT o ., v e w4

Site 1k, lafayette, Ind. (Cont'd)

i d = T B0 A rabd 34 vy
G VT

iy F 192 ni nvi

Site 15, Lafavette, Ind. (Cont'd)

5/19/5e 211 98
5/28/2 31.1 101 O.hh Lk
6/4/52 2h.,5 136
6/11/52  21.8 199
€/16/52  25.2 109
6/25/52  25.4 140
7/2/52 20.0 248
7/23/52  18.3 300
&/1/52 23,1 229
8/20/52  23.5 168
B/27/52 21,7 230
9/3/52 19.8 246

S/10/52  20.0 265
9/17/52  18.7 279
9/25/52  23.1 213
9/30/52  20.7 27h
10/7/52  20.0 268
10/1h/52  19.1 263
10/21/52  23.7 211
10/28/52 21.2 232
1/k/52  23.8 224
11/12/52 22.8 220
11/19/52  25.7 150
11/26/52  28.0 130
12/3/52 a5k 1kg
12/10/52  25.4 131
12/17/52 26.5 147
12/22/52  25.h 139
§729/52 23.2 163
5/53 2.1 178
1/12/53 27.1 132
1/19/52  25.7 150
1/26/53  26.8 132
2/L/53 27.5 136
2/12/53  26.3 157
2/17/55  85.7 136
2/26/53 264 123
¥/5/53 28.4 125
3/13/53 26.8 109 0.55 60
3/19/53  30.5 120 0.40 48
3/26/53  26.5 119 0.60 65
4/2/53 28,3 122
1/8/53 20.0 12 0.6 73
4/16/53  27.5 100
h/23/53  27.0 139 0.72 100
4/30/53 25k 145
5/7/53 26.8 177 0.60 122
5/1/63 244 155

Site 15, lafavette, Ingd.

Yvi/52 29.1 0 115
L/21/5e ks 102
4/30/52 2.9 123
5/5/52 .2 135
5712/  35.2 108
s/21/52 356 102
5/26/52 37.9 o1
S/u/52 32,4 121
§/11/52 29.2 18
6/18/52 3.6 112
§/25/52 2.5 103
7/2/52 0.1 162
7/9/52 g 19z
7/23/52  eh,1 279
9/3/52 27.% 20k
afLe/se b ong
of1r/s2 a5 263
a/a6/52 28.2 186
9/30/52 0.7 18T
10/7/52 27.6 a3
1Y/52  2h.8 233
/2352 28,2 o

10/28/52 28.0 184
11/k/52 28,5 203
11/12/52  27.8 216
11/19/52  31.4 163
11/26/52 3.4 k2
12/3/92  3b.1 135
12/10/52  34.9 107
12/17/52  33.6 157
12/22/52  37.1 103
12/29/52 324 131

1/5/53 324 136
1/12/53  35.3 153
1/19/53  35.0 1k
1/26/53 34,3 111
2/4/53 33.8 s
2/12/53  34.3 135
2/17/53 k.5 122
2/26/53 35.9 112
3/5/53 2.9 119
3/13/53  33.9 9
3/18/53  31.3 102
3/26/53 35.5 138
k/2/53 k.7 131
4/8/53 354 101
L/16/53  3k.3 90
4/23/53  35.0 143
4/30/53  33.2 133
5/7/53 334 108
s/14/53 30.2 122

Site 1€, Iafayette, Ind.

6/5/52 23.5 92
6/12/52 29.9 84
&1°3/52  29.5 92
6/23/52 305 93
6/30/52  25.2 155
/752 2.7 300
8/13/52  10.6 257
8/18/52  27.0 131
8/25/52  22.4 101
9/3/52 22.c 198
a/8/52 23.0 236
9f23/52 26.5 149
10/1/52 2k.7 19k
10/10/52 21.3 254
10/15/52 25,7 192
/2372 2.2 2%
10/29/2  26.0 1R
11/8/€2  23.7 233
1/15/52  23.0 193
11/17/52  22.¢ 202
1/aufse i 13k
12/1/52 8.5 135
12/8/52 28,4 120
12/1%/52 23,8 152
18/20/58 22,2 102
12/31/52  21.7 113
V7/52 2.0 1z
1/ik/93 26,2 136
1/21/53 2.1 130
Var/s3 2Ry
2/2/55 200 iR
2/5/53 28,5 18
2/18/53  28.1 1
/2353 2.3 R
e/sy T EBA 1
/9455 2.0 129
31/ £ 1M 045 7
Y23/53 200 113
/30/57 2R 117
w7753 A0 o
Whofs 2l 1%
{ Continu 3}
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Site 1F, latavetts, Ind. (Cont'd)

L/20/53
4/27/53
5/L/53

5/11/53

29.1
27.3
28.8
28.0

132
11
152
133

0% 12€

3ite 17, Lafayette, Ind.

12/€/51
12414351
/17752
1/24/52
2/18/52
2/25/52

L/13/53
L/20/53
b/27/53
s/4/53

&/11/53

119,
ac,
148

N

(=
v e 4 s e s e s e e e . m e e & m & % & m e o m oaow o me e w s v e a v e w v e e e e s oae e e e ..
WA T O EOC TN EN OO =0V NAawWw=I~1 00N ™I N LW DWW OV O M

101

110
125
148
132
129
138
134
129
125
1k2
148
11h
154
11
101
126
1%
133
131
130
140

0.32 32

1.0} 152

Site 18, lafavette, Ind.

5/21752
6726452
/z/52

f/11/52
&1¢/52
-2
&/3y/5a
7AL/52
&/1./52
8/1 362
3 5/52

26.5
25.5

jU3 )
193
17¢
273
105
132
207
w00
243
118
s

(3 of

11 sheets)
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Table 43 (Continued)

_Date ~MC, 7 CT  RI_ RCI | __Date MC, 4 CY RI KRCI _Date MC,¢ €l Rl RCL
Lite 1, Latayette, Ind. iConi'd} Site 20, Bragll, Ind. {7cai’d) Sitz 21, Attlce, Ind. (Conts)
n/3/52 2kl 1w b/3/52 25.¢ 158 0.2 8 3/10/53 25.6 22
o/8/52 19.( 238 L/8/52 a¢.7 3153 0.h2 €h 3/17/53 26,1 1M
4/15/52 20.2 28 W/15/52 27.3 9?0422 W 3/2L/53 20.0 152 0.4 Q1
o/2h/52 21.7 188 h/25/52 2.1 1% : 3/31/43 2r.2 17k
10/1/52 21.7 23¢ y/2/52 24,7 22h L/e /53 20.2 197 0.3t N
; 10/16/52  2h.7 215 5/8/52 22.1 280 W/14/53 23.0 28
10/24/52 23.5 204 5/13/52 22.1 300 L/21/53 23.0 273
10/30/52 23.3 200 5/23/52 21.8 3200 L/2R/53 24,1 300
. 11/6/52 2.1 175 5/21/52 23.0 227 S/5/3 22.9 200
: 11/20/52 25.7 1« ¢/2u/52 2k, 25¢
: 11/28/52 28.0 127 9/109/52 221 & 3ite 22, Rapid City, S. Dai.
3 12/4/52 26.9 113 9/2/c2 20.8 283
¥ 12/11/52  28.8 1k 10/25/42 20.9 285 3/29/52 13.0 1th 1.0 278
4 12/18/52 28,6 159 12/4/52 2.4 w1 o1 of W/s/52 15.2 172 1.10 1%
: 12/30/52  28.5 159 12/11/52  25.2 k2 L/12/52 13.5 174
5 1/7/53 215 159 12/18/52 2.7 16/ L/19/52 1.3 10
f 1/15/53 30.0 143 12/23/52  25.2 170 4/25/52 13.8 111
1/22/53 29.1 170 12/30/52  23.5 182 5/17/52 12,4 227
1/28/53 28.3 151 1/8/53 24,6 19 5/31/62 23.7 8% .8 7
2/5/53 28.1 157 1/15/53 ah.8 166 6/9/%2 21.L 11k 0.38 43
2/11/53 29.0 12 1/22/53 24k 1k /10/52 15.9 142
4 2/18/53 23.4 165 1/29/53 2.8 18 0.6 83 6/23/52 13.2 190
2/25/53 28.9 149 2/12/53 25.2 156 €/30/52 1.0 125
3/4/53 28.6 129 2/19/53 25.L 184 0.56 101 7/1/58 .1 172
i 3/11/53 28.9 136 2/2u/53 2.6 190 7/14/52 15.0 13b
{ 3/25/53 29.6 175 3/3/53 26.3 138 7/21/52 W 18
H 4/1/53 28.9 137 3/10/53 25.3 15 0.52 75 7/28/52 10.9  2uk
! 4/9/53 28.4 1M1 3/11/53 27.0 135 O.bh 959
H 4/15/53 28.5 169 3/24/53 2(.0 108 Site 23, Rapid City, S. Dak.
¥ L/22/53 27.2 180 0.77 139 | 3/31/53 2€.1 103 0.3¢ 37
E 4/29/53 27.3 182 L/¢/53 26.1 101 3/1/52 20.L 300
5/6/53 25.7 225 u/14/53 27.3 138 0.5 A 3/209/52 b 2n
$ 5/13/53 2.8 233 L/21/53 25.5 157 L/5/52 27.7 158
§ 4/28/53 25.3 172  0.37 64 4/12/52 2¢.2 137
% Site 19, lafayette, Ird. 5/5/53 24.8 168 W/19/52 26.7 181
é 512753 234 292 W20/52  23.5 180
4 12/7/51 30.% 173 5/3/52 214 268
¢ 12/13/51  29.8 174 Site 21, Attica, Ind. 5/17/52 21.9 251
3 3/10/52 32.8 143 5/23/52 30.7 98
;4 6/30/52 30.6 150 12/5/51 25.2 229 5/31/52 28,4 13
- i 7/16/52 27.3 183 12/12/51  2h.1 225 6/9/52 23.1 195
X H 7/23/52 27.2 21k 1/2/52 27.6 172 6/16/52 20.2 300
H 7/31/52 21.2 300 1/10/52 264 217 €/30/52 2h.2 107
; 8/6/52 21.9 300 1/16/52 2h.9 240 7/7/52 23.5 227
} 8/14/52 27.7 164 1/23/52 25.% 21k 7/1/52 27.5 105
t 8/20/52 24,3 197 2/1/52 28.L 1o 7/21/52 25.2 228
. ! 8/27/52 25.3 237 2/12/52  2u.8 1€k
- 1 9/2/52 27.0 23 2/19/52 25.0 21k Site 24, Rapid City, S. Dak.
: : /10/52 244 255 2/26/52 246 231
B ' 9/17/42 25.0 300 3/L/52 26.1 178 L/5/52 21.7 221
8 4 9f24/52 25.3 200 3/11/52 27.1 W3 0.0 70 L/12/52 21.9 253
: i 10/2/52 2.3 215 3/18/52 25.3 159 4/19/52 0.2 265
{ i 10/8/52 25.8 252 3/25/52 26.3 171 5/2h/52 22.8 157 O.7h 1
< ¢ 10/16/52 29.2 187 L/3/52 23.2 230 5/31/52 21.2 240
3 ; 10/30/52 23.9 193 u/8/52 25.3 201 6/30/52 20.5 228
: z 11/6/52 7.8 212 u/15/52 26.0 133
) s 11/13/52 6.4 202 L/25/52 25.0 136 Site 25, Rapid City, S. Dak.
5/23/52 21.6 285
' Site 20, Brazil, Ind. 8/19/52 21.0 300 3/29/52 16.6 206
11/20/52  23.7 276 ifs5/52 16.8 175
, 12/5/51 28.8 156 11/25/52  26.3 234 u/12/52 16.8 170
N 12/12/4) 24.8 188 046 8 | 12/4/%52 23.9 202 1/19/52 17.2 171
E 1/3/52 25.6 132 o042 55 | 12/11/52  2L.0 267 /26/52 15.3 200
1/10/52 2.2 170 0.0 72 | 12/18/52  23.6 2(¢ 5/3/52 1.3 208
N 1/16/52 27.% 1 0,50 72 | 12/23/52 2Lk 205 5/10/52 10.5 249
3 1/23/52 25.6 105 12/30/52  23.3 283 5/17/52 16.h 186
2/1/52 27.5 126 0.0 50 | 1/8/53 25.3 210 5/24/52 23.7 120 0.72 8
. 2/12/52 2.9 178 ©.M8 85 | 1/15/53 23.9 229 5/31/52 21.5 136 0.8 117
2/19/52 25.h 205 QM5 @2 1/22/53 2L.2 251 6/9/92 21.5 158
3 2/26/52 2.9 202 0.61 123 | 1/29/53 25.0 233 €/16/52 16.1 146
- 3/l/52 30.3 125 2/12/53 25.1 215 6/23/52 .2 205
3/11/52 26.7 167 0.8 8 | 2/19/53 2h.7 268 6/30/52 19.5 160
- 3/18/52 27.0 113 . 2/2h/53 2h.9 2uh 7/7/52 17.1 170
¥25/52 7.2 135 0.3 58 (Continued) (h of 11 sheets)
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japle A3 {continued)

e i \

Date_. MC, ¢ _Ci_ _hi_ RCL

Site 25, Rapid City, 3. Dak.

vate

MC, &

CI1

RI

RCT

3ite 28, Lincoln, Nebr. (Cont‘d)

U4
P

Tite 30, Colurbla,

‘l\oz

CPSURP S (94

5., (Cont'1}

fContfdz
11/17/52 22.2 23¢ 12/8/52 27.0 220 0.(7 147
/1h/52 17.0 167 12/13/52 22.7 226 18/1¢/%2 23.7 25¢ C.7C 197
7/21/52 13.5 20 12/17/%2 24,5 237 1.20 28
7/28/52 16,2 255 Cite 29, Valparaiso, lebr. 12/18/52 25.3 2L
12/19/52 24,3 278 0.00 250
Site 20, Lincoln, Nebr. 2/16/52 26,4 213 12/23/52 20,1 219 0.72 158
2/23/52 30.2 75 12/20/52 244 254 0.€3 10
2/9/52 29.0 213 0.68 15 3/1/52 33.0 130 0.03 121
2/16/52 32,1 W8 0.7 99 :/8/52 27.3 150 Site 31, Columbia, S. C.
2/23/52 314 a7s 3/15/52 30.2 156
3/1/52 31.5 158 3/20/52 32.2 11k 12/23/11 28.5 156 0.72 112
3/8/52 33.1 203 L/s/52 32.2 121 1/7/52 27.7 150 0.70 105
3/15/52 3.6 W7 L/12/52 3.0 w0 1/14/52 28,0 176  0.7¢ 134
3/29/52 30.9 133 4/19/52 20.7 109 1/23/52 23,2 W8 0.9 102
L/5/52 3.1 152 4/26/52 2. 8 0.8 57 1/29/52 25,5 158 0.72 11b
W/12/52 3L 102 5/3/52 30.0 100 0,94 9l 2/s/52 0.0 17k 0.(0 104
L/19/52 34,3 100 0.67 T3 5/10/52 28.7 151 Ok 127 2/12/%52 28,1 L0 0.7h 118
u/2€/52 /.7 100 0.75 82 | s/17/s2 26.3 159 2/18/52 20,5 150
5/3/%2 30.6 141 0.72 w02 | s/2u/52 2.9 117 071 83 2/25/52 23,0 1% 0.69 11k
5/19/52 25.5 2hk 5/31/52 27.0 17, 0.% 150 3/12/52 31.8 158  0.82 130
5/17/52 284 18z 0.8 153 | (/7/52 2h.5 175 3/20/52 31.0 151 0.73 110
5/2/52 30.3 13k 071 o5 ¢/21/52 17.6 2%  0.67 192 L/4/52 22,6 1k6 0.7 108
5/31/52 22.2 179 0.68 122 | &/2”/%2 28.3 120 0.82 100 L/7/52 27.3 161 0.7k 1N1¢
€/21/52 28,7 200 0.86 173 | 1/5/52 25.4 163 0.8%2 134 L/1k/52 27.9 178 0.7€ 135
6/28/52 31.2 134 0.78 0% | 7/12/52 20.( 251 uf21/52 20.7 212 0.9% 1%
7/5/52 25.2 208 7/19/52 20.4 208 0.77 10 L/28/52 28.5 164 0.7 110
/10/52 29.9 159 0.8 127 8/16/52 1.6 249  0.83 207 5/6/52 25.5 222
11/29/52 24,3 300 9/30/7¢2 20.2 232 5/'13/92 24,0 215 0.95 20k
12/¢/52 20.3 248 11/17/52 17.5 %00 5/19/52 23.8 281
12/13/52 3¢.6 170  0.83 1 5/28/52 27.0 161 0.78 1o
12/22/52 31.6 112 0.76 8y Site 30, Colurbia, 3. C. ¢/3/52 24,1 267 1.06 283
12/23/52 31.¢ 120 0.71 & 6/10/52 2.8 22( 0.94 212 )
12/20/51 20,2 1o C.7h 125 €/17/52 25.5 197 0.7h 1
Site 27, Lincoln, Nebr, 1/4/52 20.0 193 L0 11k 6/2h/52 26.0 182 0.82 14¢
1/11/52 30.0 13 0.4 1 7/1/52 234 251 0.6 161
2/1(/52 28,2 208 1/1%/¢2 2. 17¢ 0.2 1Mk 7/15/52 22.3 300
2/23/52 2.7 2% 1/25/52 23.7 171 0.7 115 R/5/52 24,2 126 0.75 ol
3/1/52 28.7 221 2/1/52 324170 0.70 119 8/12/52 26.2 15 0.0% 99
3/8/52 24,0 263 2/8/52 0.0 178 0.93 16 Y1952 26.7 136 0.87 118
3/15/52 29.6 173 2/15/52 30.6 15k 0.83 128 8/26/52 25.3 165 O.% 147
3/20/52 31.3 152 2f21/52 29.8 167 0.8L 1k0 9/3/52 25.6 132  0.77 102
L/4/52 27.1 18 2/20/s2 32.¢ 177 0.73 129 0/10/52 23.7 18¢ 1.07 202
4/12/52 32.8 T2 3/h/52 31.8 133 064 8 o/24/52 2h.5 13¢ 0.8 112
L/19/52 29.9 1k 054 78 3/19/52 33.2 121 0.82 10/10/52 22.5 202 0.72 145
W/2¢/52 29.5 131 0.55 72 | 3/31/52 36.0 95 0.68 65 10/15/52 22,9 206 ©0.53 109
5/3/52 27.6 157 0.57 90 | L/7/52 35.6 121 0.711 & 10/22/52 22.7 227
5/10/52 25.0 267 0.90 240 L/1k/s52 31.2 151 0.82 124 11/26/52 2.7 177 0.93 15
5/17/52 23.9 154 4/22/52 28.0 225 0.8 191 12/3/52 25.1 166 0.73 121
5/2L/52 22,7 238 0.68 102 | u/28/s2 30.2 165 0.7¢ 125 12/10/52 25.5 16 0.73 107
5/31/52 23.5 225 5/5/52 31.5 195  1.01 197 12/16/52 24,1 158
12/13/52  25.2 177 0.82 145 | s5/15/52 28.0 212 12/17/52  22.8 14 0.83 120
5/20/52 29.4 168 0.80 13b 12/18/52  25.¢ 192  0.87 107
Site 28, Lincoln, Nebr. 5/25/52 28.9 185 0.9% 174 12/19/52 24,5 154 1,02 157
6/3/5 25.7 193 0.8 172 12/23/52 24,5 11 0.55 78
2/9/52 23.0 283 6/10/52 23.6 235 ' 12/3C/52 27.h 145 0.59 86
2/16/52 234 272 6/17/52 22.3 300
2/23/52 242 177 €/2h/52 24.3 221 0.87 152 Site 32, Colurbis, S. C.
3/1/52 27.9 18 1/1/52 23.5 296
3/8/52 23.8 2%y 7/15/52 22,2 270 12/28/51 3.2 195
3/15/52 2k.9 20¢ 8/5/52 24.0 272 0.7 207 1/9/52 28,4 202
3/29/52 26.1 s 8/12/52 25.7 218 0.65 12 1/16/52 32.0 163
4/5/52 24,7 139 8/19/52 20.3 292 1/23/52 35.6 181
4/12/52 26.7 140 9/2/52 28k 216 0.74 160 1/29/52 28.5 1718 0.7 119
u/19/52 25.7 11k 9/9/52 25.1 221 0.8 18 2/11/52 32.2 197
L/26/52 25.8 1 0,81 117 | 9/22/52 26.7 172 0.£1 105 2/16/52 32.4 1a0
5/3/52 23.¢ 17 0.82 120 | 9/29/s2 22.8 254 .78 198 2/27/52 28.0 178
5/10/52 72,0 239 0.90 215 10/0/52 22,7 300+ 1.07 321+ 3/7/52 31.6 18
5/17/52 24,9 128 0.78 100 10/13/52 22.4 256  0.62 159 3/12/52 29.6 190
5/2L/52 25.6 153 0.73 112 10/21/52 20.5 291 3/21/52 30.3 181
5/31/52 23.8 155 0.97 150 10/28/52 22.0 2% 3/26/52 28.h 191
6/28/52 22,1 175 0.90 158 | 11/18/52 21,1 283 u/u/se 33.7 190
7/5/52 21,0 300 0.92 276 | 13/25/52  25.5 251 0,80 201 W/5/52 25.6 20y
7/26/52 20.6 10 0.83 2ug | 1p/%/<2 29.5 238  0.65 155 L/18/52 26.7 291
{Continved) (S of 11 sheets)
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Table A3 (Continuved)

Date

MC, 4

CI

LKL

Site 2, Colurbia, S. C. {Cent'd)

RI

KT

Date

Site 35, Columbisa,

%)

CI

3.

& K1

C. (Cont'd)

W/22/52
L/29/52
5/6/52
5/17/52
5/30/52
6/5/92
€/11/52
€/2h/52
8/¢/52
8/13/52
8/27/52
9/3/52
9/10/52
“/17/52
+/23/52
10/10/52
10/15/52
16/22/52
10/29/52
12/3/52
12/11/52
12/17/52
12/18/52
12/19/52
12/23/52

30.1
36.9
28.6

[UVEIRBIIY

W
R

™ »
i oy
AR END N F D TW 0SS 0 W o e\ O

RYRBIIRE

280
196
25
300
202
2u6
199
300
289
174
221
206
272
a4k
172
255
274

300+
300+

258
228
230
2U0
228
217

0.68 148

Site 33, Columbia, S. C.

2/22/52
31/52

6/18/52
/29/52
8/6/52
&/13/52
8/20/52
8/27/52
9/3/52
9/10/52
9/17/52
9/23/52
a/29/52
16/¢/52
10/15/52
10/21/52
10/28/52
11/4/52
11/12/52
11/25/52
12/3/52
12/11/52
12/16/52
12/17/52
12/18/52
12/19/52
12/23/52
12/30/52
1/19/53
1/16/53
1/21/53
1/29/53

26.7
26.4
26.6

(03
-2
P

o 0 [ = NN TN DN NN n [V IV VI V) [VEVE VY 0w
e e e e e e e e T e e m e e e e e e s e s e s e w % e e e ow oaa « e s e & @
VM EQOOANQCOEV_ITONITNRNOVMIAANR O EVWAD N OOV HEFACNHNWO RO

160
128
139
172
138
ko
1kh
192
155
166
245
280
141
173
151
195
235
203
143
146
189
160
230
181
h2
172
286
235
291
300
200
300
293
300
223
223
227
219
231
176
223
147
155
9o
120

0.k 68

0.90 127

0.9% 162

0.75 132

1.59
1.11

0l
B
76

O =

99
.71

o O b
« o .

.06

17
99
07
.22
.15
.25
.09

P2 et B et O el

.07

.02
.11
.1

.20
.28

2 s b pd et e

1.05

121
86

125

ob
62

226

Date MC, & _CI_
Site 33, Colurkia, S. C. (Cont'd)
2/6/5%3 23.2 122
2/13/53 246 116
2/19/5 26,5 122
2/21/53 30.7 99

Site 34, Carlisle, S. C.
12/2%/51 43.9 76
1/2/52 u1.6 77
1/9/52 39.0 87
1/16/52 43.3 62
1/24/52 39.6 82
1/30/52 46,0 81
2/¢/ 2 38.7  @w
2/13/52 4.7 85
2/20/52 sk 96
2/29/52 w2 73
3/5/52 W74 65
3/11/52 W7o 75
3/19/52 k3.3 70
3/25/52 k.6 73
L/2/52 %1.8 83
/8/52 37.1 139
L/16/52 38.7 103
L/23/52 32.1 1&
L/30/52 35.5 173
5/14/52 Lo.2 188
5/28/52 45,5 88
6/2/52 42,9 121
6/9/52 37.9 13k
6/16/52 38.5 188
6/23/52 34,7 2ko
4/30/52 33.0 300
7/14/52 31.5 235
8/L/52 341 300
8/11/52 384 1hs
8/19/52 36.8 210
8/25/52 36.6 206
9/1/52 43.1 155
9/8/52 4o.2 141
9/18/52 35.1 212
9/26/52 38.4 160
10/2/52 36.9 215
10/7/52 314 300
10/1k/52  37.0 228
10/20/52 33.6 255
10/27/52  31.5 273
11/13/52 32.3 300
11/17/52 31.8 300
11/24/52 3%.6 288
12/9/52 37.1 203
12/15/52  36.4 233
12/16/52  L40.1 250
12/17/52  35.1 201
12/23/52  38.3 193

1.20

232

Site 35, Colurbia, S. C.

12/31/51
L/{h 52

1/29/52
2/5/52

2/12/52
2/18/52
2/a5/52
3/20/52
3/26/52
L/h/52

W/7/52

4/29/52

17.0
17.9
17.9
17.2
17.3
16.1
16.0
17.2
18.0
17.4
16.3
16.4
17.5
16.2
16.2

215
243
226
198
212
283
269
288
275
276
281
233
26
279
202

{Cont inued)

0.31
1.h0
.54
0.58

0.8
1.01
0.luh
0.96
0.25

0.62

70
277
11k
164

230
279
124
224

62

125

6/h/52 15.1 2%
¢/11/52 15.9 29
8/¢/52 16.0 266
8/12/52 15.4 2380 1,00 280
8/19/52 6.1 300 0.33 9
af2l/52 15.8 2hh
11/26/52 16.1 278
12/3/52 15.8 28
12/1¢/52 18.9 27
12/17/52 18.8 267  0.78 200
12/18/52 15.8 261
12/19/52 17.2 264 0.83 219
ig/23/52 17.1 262
Site 38, Lacogdoches, Tex.
5/11/53 12.2 111
6/1/53 10.1 143
6/8/93 8.0 150
6/15/53 8.0 160
6/21/53 5.5 236
7/6/53 8.5 16k
7/13/53 6.4 215
Site 39, Foplar Bluff, Mo.
12/15/52 24,9 127
12/22/52  23.h 101
12/29/52  23.2 177
1/5/53 23.8 123
1/12/53 24,1 139
1/19/53 7.3 88 0.61 b
1/26/53 2k.9 106 0.58 62
2/2/53 24> 105
2/9/53 2%.0 95
2/16/53 25.3 99 0.70 69
2/23/53 28.8 8 0.58 48
3/2/53 28,5 65 0.57 37
3/9/53 26.5 72 0.60 U3
3/16/53 27.1 62 0.61 38
3/23/53 27.0 6 0.60 36
4/2/53 25.5 95 0.62 59
Y/7/53 28.3 77 0.59 45
4/13/53 27.9 73 0.66 48
4/20/53 29.4 81 0.59 .48
L/27/53 22.8 79 0.67 53
s/4/53 24,5 97 0.62 60
5/12/53 27.7 81 0.61 L9
5/18/53 271.6 66 0.63 kL2
5/25/53 20.7 97 0.61 59
€/1/53 20.0 186
Site 41, Marianna, Fla.
8/18/5h 3.6 217
8/23/54 3.9 300
8/27/54 5.8 188
8/30/54 4,0 214
8/31/54 5.0 207
9/10/5k4 5.8 261
9/17/54 5.9 185
9/20/54 4.8 192
9/22/5k 6.2 216
9/24/54 5.6 229
9/27/54 6.6 191
10/4/54 5.0 230
Site 47, Union, S. C,
3/25/53 21.6 167 0.8 1k
3/31/53 18.3 225 06.78 176
5/1/53 21.6 224 0.81 181
12/8/52 19.6 221  O0.74 164
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Tabls A3 (Continued)

« Infiltrometer test (artificial rainfall).

(7 of 11 sheets)

~Pate Mo, % .CL _RL Bl | . I3 uT, & o1 RT_ORCL —Tate W, & CI RL K
Site 47, Union S. C. (Cont'd) site 60, Coshocton, Ohio {Cont'd): Site 72, Crossett, Ark.
J12/10/53  23.1 197 O.74 k6 3/22/53 22.4 171 0.77 132 5/1/53 26.6 154 0.1 17
25/5h .4 1B7  0.59 110 |- 3/24/53  T25.3 13k 0.60 %0 1/2h/54 26.k 195 0.17 33
. 3/28/53 23.9 116 0.61 T 2/1/54 28.% 119 0.1 17
site 48, Union, S. C. L/2/53 24,1 136 0.2 98 2/ /54 28.2 130 0.16 21
— | u/22/53 23.2 133 0.70 93 2/15/5% 26.7 170 0.5 26
3/25/53 27.5 193 0.8 172 | 4/2u/53 24,7 207 O.Qh 132 2/25/54 28.0 138 0.5 21
3/31/53 26.1 2ko  0.90 224 | 5/7/53 22,2 12 0.60 €7 3/2/54 26.2 164 0.5 25
5/1/53 2.k 263 0.84 221 | 5/9/53 24,7 161 043 €9 3/16/54 24,9 213 0.24 51
12/8/53 23.0 281 0.78 219
12/10/53  22.5 221 0.71 157 Site 61, Coshocton, Chie Site 74, Crossett, Ark.
1/25/54 29 21b  0.82 175 -
2/12/53 26.0 -96 Ok 71 6/6/53 39.7 50
Site 51, Glendora, Calif. 2/24/53 24,0 1 0.68 78 11, 2l/s3 25.1 186
. 2/25/53 23.3 99 0.97 1€ 12/2/53 25,3 249
1/8/53 5.7 93 2/27/53 » ohde 123 0.79 ST | 12/k/53 286 132 0.450 53
L/8/53 17.9 18 3/11/53 25.6 101 0.57 98 12/21/53 27.2 136 0.3 W0
1/14/53 16.6 82 3/12/53 26.3 98 O T2 1/7/54 9.7 91 0.38 3
4/15/53 1.2 100 -1 3/15/53 *2_2.2 106 0.81 86 1/14/5k 2.8 63 0.38 2
4/21/53 7.8 103 3.0h 313 | 3/1€/53 k6 113 075 85 2/1/5h 2.6 101 0.k bk
L/21/53 5.4 85 | 3/11/53 24,3 105 0.68 T 2/15/54 29.9 113 0,48 sk
u/2k/53 15.9 77 .15 320 | 3/19/53 25.h 118 0.60 T 2/25/5k 33.2 65 0.3% 22
u/24/53 6.8 T4 3/20/53 oh,3 103 0.70 T2 3/ /5k 32.8 136 0.38 52
1/28/53 18.7 68 1.67 11k 3/21/53 24,1 127 0.84% 107 3/17/54 3L 202 0.1 ke
L/28/53 17.1 82 2.69 221 | 3/22/53 25.k 129 0.7h 96
4/30/53 18.6 61 3/24/53 - 26,9 128 0.66 B Site 75, Crossett, Ark.
1/30/53 17.8 72 4/2/53 26.3 107 0.56 0
s/4/53 16.6 111 14/15/53 oh.6 126 0.83 105 5/7/53 20.9 239
5/4/53 17.7 %9 %/22/53 26.2 137 O0.M5 62 5/7/53 19.5 205
6/1/53 13.0 123 L/24/53 23,5 175 0.71 12k 12/21/53  17.2 229
6/1/53 10,1 148 1,/28/53 23.6 13 0.68 91 1/1/54 20.5 205
6/8/53 12.3 87 L/29/53 ok.7 128 0.78 100 1/1k 75k 25.2 158
6/8/53 12,4 158 5/8/53 27.6 157 0.61 % 2/1/5h 20.9 175
6/15/53 12,5 107 2/u/sh 20,1 115
€/15/53 6.6 206 3ite 62, East Lansing, Mich. 2/15/54 17.2 161
6/22/53 13.1 15k 2/25/54 20.5 226
6/22/53 9.6 153 3/22/53 22.0 192 3/u/5k 18.2 216
7/1/53 7.7 181 3/22/53 23.8 205 3/16/54 18.1 300
7/1/53 6.1 264 3/21/53 18.9 181
7/5/53 7.0 222 3/27/53 20.1 184 Site 76, Tijeras, H. Mex.
7/5/53 6.9 19 k/3/53 18,1 188
7/12/53 6.7 212 4/3/53 17.0 185 j0/27/53¢« a4l 86 0.7 98
7/12/53 0.4 216 1/11/53 19.1 202 10/27/53%  26.3 101 O.7h 75
7/19/53 L.6 284 5/1/53 18.6 205 10/29/53+ 23.0 12 0.72 81
7/19/53 10.5 183 5/15/53 16.3 215 10/209/53% 2k.2 %6
7/26/53 5.0 28 €/2/53 13.1 250 11/2/53% 20.8 138
7/26/53 8.8 192 6/17/53 10.5 261 11/2/53*  22.7 132
8/2/53 9.6 13 11/6/53%  19.9 143
8/2/53 6.6 269 Site 67, Priest River, Idaho 1/4/53 22,3 18
8/9/53 8.7 269 11/12/53  21.5 156
8/9/53 6.6 254 10/27/52  39.5 118 049 58 11/12/53  23.3 16k
4/53 i5.h 117 0.20 23 2/19/54 18.6 253
site 58, State College, Miss. 4/1/53 43.0 119 0.33 39 2/23/54 20.2 182
4/8/53 5.4 99 0.24 24 2/23/54 21.8 223 0.93 207
3/5/53 -30.1 136 1/15/53 40.4 10k 0.18 19 3/f 5l 18.k 202
3/13/53 29.8 124 1.07 133 | 4/22/53 35.9 136 0.51 69 3/11/54 18.7 178
3/20/53 29.6 131 1.13 148 | 5/6/53 38.8 116 0.48 57 3/15/54 16.2 166
3/21/53 30.3 135 1.5 155 | 5/13/53 h1.5 132 0.3 57 3/19/54 17.6 205
b/3/53 29.2 165 1.00 165 | 5/22/53 L0.6 159 O.M6 T3 3/19/54 18.7 215
4/13/53 28.8 19 1.12 167 | 6/16/53 45,5 13k 0.6 62
L/22/53 27.0 162 1.10 178 | 7/7/53 35,3 206 0.67 138 Site 79, San Antonio, New Mexico
4/30/53 30.7 130 1.06 138 7/28/53 54,3 106 0.25 26
5/11/53 2.8 156 1.05 164 7/1/53% 16.6 210
5/28/53 24,8 228 1.01 230 Site 71, Crossett, Ark. 7/1/53* 17.¢ 158
/1/53* 19.0 183
Site 60, Coshocton, Chio L/28/53 28.6 13 0.4 19 7/1/53* 18.8 133
14/28/53 21,7 99 0.k 1 7/9/53* .2 265
2/24/53 23.2 136 0.59 80 | 12/16/53 22,5 175 0.27 u7 7/9/53* 18.3 211
3/11/53 oh,7 136 0.59 & 1/2/54 25.3 141 0.45 6k 7/9/53* 15.h 16
3/12/53 25,5 97 0.67 65 1/7/54 23.h 208 0.52 108 7/9/53* 16.9 214
3/15/53 oh.5 158 0.71 112 | 1/1k/sk ah,2 165 oO.L0 606 7/13/53* k.5 221
3/16/53 23.8 156 0.73 14 | 2/15/5h 22,5 209 0.9 102 7/13/53%  11.8 294
317/53 23.3 12 0.8 97 | 2/e5/s5h 23k 18 ok7 T2 7M3/53%  17.1 252
3/19/53 2b.6 18 0.59 87 | 3/2/5h 23,4 167 0.54 90 7/13/53*  18.1 223
3/20/53 21.9 17 0.6k 9 | 3/15/5 22.6 204 0.9 100 T/ihf53* 12,6 258
(Continued)
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H Date MG, & Gl _RL_ RCL Date  MC, % .CI _RI_ FCI Date MG, 9 _cI_ Rl RCI
Ciec 7, Jan Anbinid, New Muxlico Site 853, Albuguerque, . Mex. Site E%inhinelander, Wi
{Cont'd) {Cont"d) (Cont'd)
7/14/53« 204 153 B/ /53 23.9 174 7/21/53 23.2 200 0.3 78
7/14/53  11.L 259 8/ /53 28.6 138 0.8 119 7/30/53 S RS LTSRN BN
7/1I/53¢ 16,6 2b2 B/ /53w 17.9 212 S /53 364 13¢ 0.2¢ »°
7/1/53« 20,6 185 8/ /53% 21,1 13 0.72 103 a/20/53 20.7 266
7/16/53% 1.5 2k2 3/ /53+ 23.3 132 0.77 102 8/18/53 23.3 208 03¢ 75
7/16/53« 18,7 182 8/ /53¢ 21.5 184 0.73 112 9/1/53 29.% 195
; 7/16/53* 1.0 253 8//53¢  17.6 157 4/9/53 27.6 203
v 7/16/53*  19.1 170 8/ /53% 22,7 155 0,76 118 9/15/53 20.6 281
. 7/20/53 11.7 28 8/6/53% 22,3 18 9/22/53 18.1 277
H 7/20/53 16.8 227 8/6/53+ 23.1 155 0.7% 115 1071/53 16.6 282
; 7/20/53 18.0 203 3/¢ /53+ 24,3 168 0.92 135 1/22/53  15.1 300
{ 7/20/53 .1 273 8/6/53* 204 13 0.R3 113 11/3/53 1h.c 300
b 10/13/53« 15.2 259 8/6/53+ 24,8 160 0.8 k2
{ 10/13/53* 19.6 2C3 B/¢/53+  21.8 12 0.8 1l site v, Rbinelander, Uis.
by 10/13/53* 22.2 153 0.86 132 | 8/¢/53+ 21.2 162 0.80 130
. H 10/13/53%¢ 21.5 208 8/C/53+ 221 X7 0.87 1ks 5/1/53 30.5 169 0.8 ol
. 2 10/13/53* 22,2 125 0.88 110 | 8/12/53¢« 21.5 150 0.8% 126 &/ /53 25.7 18 0.0 74
{3 10/15/53% 211 157 8/12/53«  21.7 156 ¢fole3” 255 200 .63 10
3 5 10/16/53¢  21.1 222 10/7/53«  22.9 13¢ 0.83 113 €/¢/53 21.. 222
. : 10/19/53* 20.6 250 10/7/53% 21k 117 0.78 9 €/17/53 30.3 18 032 7
v 10/23/53  20.4 213 10/7/53¢  15.7 au2 6/2¢ 753 27.1 125 J.25 3
; 10/20/53 184 191 10/7/53¢  17.8 202 1/3/53 33.3 17. 0.38 (6
: 10/29/563  21.7 220 10/7/53«  16.5 216 7/1/53 35.1 192 0.36 €9
i 11/4/53 18.8 24y 10/14/53  19.5 18 0.84 155 7/16/53 25.8 2%
H 10/14/53%  17.h 175 2.85 149 7/23/53 17.2 260
) Site 81, Albuguerque, N. Mex. 10/16/53% 18.8 172  0.35 14 7/3./53 17.8 2kg
; 10/16/53* 19,7 151 3/11/53 el 277
” ! 7/21/53% 124 207 10/22/53  25.0 171 8/18/53 1.1 259
: 7/21/53*  15.7 22k 10/30/53  19.2 16k 3/20/52 11.3 279
g . 7/21/53+ 164 124 o.70 87 | 10/30/53  20.1 153 e/o/s2 10.0 260
. 7/21/53% 8.8 2091 10/30/53  15.8 300
' - 7/21/53%  19.0 147  0.63 105 | 11/3/53 .6 300 Site 00, Rhinelander, Vis.
) . 7/23/53¢ 125 21
7/23/53%  13.7 216 Site 85, Bernalillo, i. Mex. 5/7/53 22.2 199
- ¥ 7/23/53*  13.6 190 5/16./53 15.6 21k
: 5 7/23/53* 9.2 286 8/11/53* 18k 125 0,76 <5 6/4/53 22.4 200
5 $ 7/23/53+  13.8 180 8/11/53« 8.b 222 6/10/53 16.2 196
: 2 7/23/53« 1.2 20k 8/11/53% 14 126 7/3/53 25.7 133
. H 7/28/53¢«  10.8 246 8/11/53  13.2 187 7/7/53 19.4 137
$ . 7/28/53* 1.4 250 8/11/53* 16.0 92 7/16/53 18.5 181
: - 7/28/53*  18.3 151 ©.72 109 | 8/11/53+ 4.8 k7  0.98 1k 7/23/53 1.6 17
. . 7/28/53%  11.9 227 8/13/53 16.6 115 7/30/53 12.1 163
N . 7/28/53%  1k.3 218 %/13/53 w7 1N 8/12/53 13.6 172
; 7/26/53+ 16,7 175 0.67 117 | 8/13/53 6.4 139 8/18/53 15.5 217
g 7/50/53% 9.6 283 8/13/53 1.8 153 8/27/53 4.6 18
, : 7/30/53*  13.1 280 9/22/53*  14.3 199 9/2/53 7.7 182
$ ; 7/30/53+  1b.2 205 of22/53+ 9.6 288 9/9/53 5.8 250
' . 7/30/53%  10.3 277 9/22/53*  19.0 101 0.97 98 9/15/53 6.1 178
. 7/30/53%  12.6 269 9/22/53%  15.8 17 9/21/53 6.7 249
i H 7/30/53¢ 4.5 206 9/22/53% 9.8 260 9/30/53 6.5 228
{ 9/29/53+ 9.6 269 9/22/53%  17.9 127 0.95 121 16/15/53 3.9 18
s 9/29/53*  12.3 235 9f2h/53% 15,6 117 10/21/53 4.6 287
i 9/29/63  17.0 149 0.90 134 | 9/ak/53x 140 138
. . 9/29/53*  11.6 276 10/2/53+  12.8 16k Site 01, Rhinelander, Wis.
) 9/29/53%  13.7 260 10/2/53%  12.0 227
; 9/26/53%  18.8 131 0.65 8 | 10/2/53*  13.5 190 5/11/53 8.7 182
10/1/53+  12.9 274 10/2/53*  12.2 220 5/19/53 9.6 18
10/1/53%  15.9 201 10/8/53%  11.5 217 5/21/53 9.5 160
10/1/53%  12.6 250 10/8/53*  11.7 188 €/10/53 6.4 212
‘ g 10/1/53*%  13.7 216 6/17/53 6.4 207
; v 10/9/53*  12.6 263 Site 88, Rhinelander, Wis. 6/23/53 9.1 217
L i , 10/9/53«  12.6 275 7/3/53 8.8 204
;3 : 10/15/53*  10.6 292 s/1/53 350 123 0.26 2 | 1/7/53  11.8 15
10/15/53* 11.4 20k 5/19/53 31.3 152 0.37 56 7/11/53 7.4 201
. : 6/2/53 30.5 181 0.27 49 7/22/53 5.6 201
X H Site 83, Albuguerque, N. Mex. 6/9/53 29.3 164 040 66 7/29/53 10.7 231
) ) 627/53 3.2 125 0.2 L0 | 5/5/93 13.6 93
8/ /53% 25.9 133 0.76 116 | 6/25/53 36.7 & 0.32 27 8/12/53 9.5 273
8/M/53%  19.5 267 7/3/53 37.0 9% 0.29 27 3/19/53 9.6 231
8/4/53% 20.0 196 7/7/53 26.0 115 0.30 34 3/27/53 5.9 30¢
8/M4/53x  19.0 263 7/16/53 35.1 125 0.37 k6
(Continued)
* Infiltrometer test (artificisl rainfall). (8 of 11 sheets)
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Table A3 {Continucrd)
Date  MC, ¢ CI  RI RCI Date  MC, T CI _RI  RCI Date ~MC, 7 €1 _RL_ RCT
5ite 91, Rhinelander, Uis. Jate gy Phivelapdor, Wiz, (Cont'd) | Site 103, Mese Lake, Cclo. (Cont'd)
(Cont'd)
7/9/53 25.3 177 0.37 €€ 5/29/54 2.0 N 095 17
9/2/53 7.1 216 7/17/53 20.( 220 0.26 o7 £ /31/5k 3L
9/10/53 6.8 300 7/24/53 13.3 229
9/16/43 4.3 292 7/29/53 25.9 W6  0.32 47 Site 105, Lauds iud, C~lo.
9/22/53 5.6 280 8/5/53 24k 165 031 51
9/30/53 C.h 300 9/13/53 22.5 190 6/19/53 31.9 150 092 1N
. 10/15/53 5.4 281 $/19/53 18.h 225 (/a9/53  27.2 70 0.5 /5
1 10/21/53 7.5 283 8/26/53 1.0 290 7/13/53 21.2 224
10/36/53 5.0 276 2/3/53 13.3 275 7/20/53 13.0 150
9/11/53 12.1 300 3/3/53 18.5 2h2
Site 94, Rhinelander, Wis. 8/10/53 15.9 220
3ite 98, Rhinelander, Wis. 8/31/53 15.5 300
5/1/53 11.8 2 9/7/53 12.1 265
6/2/53 9.9 221 5/8/53 27.9 19 o.22 33 | 9/il/s3 13.7 300
6/10/53 ok 236 5/20/53 20.2 138 0.26 136 10/20/53 ™0 95 0.8 D
) 6/19/53 19.0 189 €/4/53 2k.6 199 0.34 68 10/21/53  33.6 B8 0.0 42
3 7/3/53 11.5 200 6/10/53 24,8 202 0.33 67 5/10/54 L2 85 0.62 93
7/15/53 12.0 26k 6/17/53 27.5 203 0.25 51 5/2k /5 3.y <5 0.5% 59
. 7/22/53 7.3 28 6/25/53 26.9 i1 0.31 Lk 5/26/54 31.5 121 0.88 106
- 7/29/53 13.3 22k 7/2/53 27.1 A 0.26 21 5/28/54 1.4 17 0.R8 129
3 8/5/53 1.5 215 7/9/53 2.2 178 0.39 69 5/31/5h 20,0 132
R 8/13/53 10.7 216 7/17/53 24,9 204 0.32 65
8/19/53 8.8 252 7/24/53 23.1 212 Site 108, Mesa lare, Colo.
. - 7/29/53 29.k 123
* Site 95, Rhinelander, Wis. 8/5/53 28.7 130 0.31 ko 6/29/53 2.6 161 042 €8
! 8/13/53 28,0 167 0.32 53 7/2/53 704 136 C.2 Ak
4 5/8/53 18.9 273 8/19/53 27.3 169 0.5 76 8/4/53 61.9 157 0.84 132
T 5/20/53 ° 20.7 279 8/26/53 19.6 25k 8/31/53 €2.5 151
. - 6/2/53 21.6 264 9/3/53 21 246 9/7/53 71.3 1% 0.f2 148
L. €/10/53 18.9 300 9/17/53 23.1 21h 9/15/53 54.2 199 0,78 155
L - €/17/53 16.9 300 9/23/53 16.3 268 10/12/53  50.0 176 0.90 158
. . 6/23/53 19.2 266 10/1/53 15.7 265
Fi- 7/3/53 22.5 260 10/8/53  13.9 2ok Site 109, Grand Mesa, Colo.
- . . t/9/53 - 11.0 275 10/15/53  16.0 2n
+ - 7/15/53 21.1 28k 11/3/53 12.5 299 6/9/53 27.9 259
- T. 1/22(53 20.1 300 6/30/53 23.9 300
& ' * 7/29/53 25.2 192 0.2 81 Site 101, Ashlend, Wis. 7/20/53 2h,2 300
- -t~ 8/5/53 22,3 221 0.38 & 8/4/53 30.2 220
- - 8/12/53 2.k 230 5/15/53 26.1 143 1.05 150 8/31/53 30.8 177
o L 8/19/53 -  18.% 300 5/29/53 29.8 107 0.88 o4 9/1/53 29.6 161
Lot . chf22/s5h 24,2 206 0.6 95 | 6/12/53 25.3 126 0.97 122 9/15/53 22.8 179
s - NWf2r/sh. 23.8 W5 0.38 S5 | 6/26/53 20.3 159 10/28/53  20.9 258
., hfegfsk . 22 219 0.39 85 | 7/27/53 23.4 15 092 133 10/30/53 3.0 2k
I . " 8/10/53 21.8 139 0.97 135 5/10/5k4 33.3 92 0.78 72
\ , Site 96, Rhinelander, Wis. 8/25/53 23.2 167 1.01 169 5/13/54 32.6 101 0.8 8
’ - " 9/8/53 29.4 179 5/25/54 29.h 161 0.89 1k3
5/5/53 21.1 200 0.29 58 | h/ak/sh 27.8 13 1,00 143 5/31/5h4 27.6 158
6/17/53 2.3 210 0.39 82 | ufe3/sk ah.2 137 1.02 140
6/25/53 29.6 99 0.28 28 Site 110, Grand Mesa, Colo.
x 7/3/53 30,1 108 0.29 131 Site 102, Ashland, Wis.
: 7/9/53 29.8 192 oMk & 6/19/53  23.% 188
N 7/17/53 18.6 239 5/29/53 26.0 160 0.30 48 6/30/53 19.6 1€4
< 7/22/53 15.9. 179 6/12/53 2.k 216 0.3 T3 7/21/53 17.6 300
4 7/29/53 23.8° 118 0.60 72 | 6/26/53 23.2 208 o.hz 8 8/4/53 22,0 129
4 8/5/53 22,7 132 0.33 W4 | 7/27/53  23.5 227 o.Mk 100 | 9/2/53 20.2 146
s 8/12/53  15:2 25 0.38 93 | 8/10/53  20.k 251 9/1/53 16.7 216
'8/19/53  20.3 2u7 8/26/53 7.2 29 9/15/53 16.2 250
8/28/53 11:9 300 9/8/53 18.1 300 11/2/53 32.6 117
9/1/53 .k 293 2/10/5h 16.6 224 11/16/53  33.0 125
9/10/53 1.7 287 L/1k/5k 21,4 254 0.36 91 L/19/54 32,5 10k 0,72 75
9/16/53 9.7 300 L/23/54 23.1 257 0.53 136 L/22/5k 31,8 113 0.72 81
10/2/53 9.9 270 . L4/28/5k 21.5 232 0.38 88 L/27/sh 334 81 0.60 49
10/8/53 11.3 300 5/6/5k 2.2 96 0.72 69
10/15/53 114 300 Site 103, Mesa lake, Colo. 5/10/5k4 29,1 105 0.82 &
10/21/53  10.4 300 5/25/54 23,1 184
6/30/53 274 109 0.88 96 5/31/54 23.8 157
Site 97, Rhinelander, Wis. 7/13/53 17.4 222
8/10.53  13.8 127 Site 112, Grand Mesa, Colo.
29.1 143 0.35 SO | 8/31/53 15.6 137
28.% 132 0.38 50 | 9/7/53 16.6 122 6/19/53 23,7 211
25,3 162 0.38 62 | 9/15/53 15.2 200 6/30/53 17.8 284
23.9 207 0.31 6h | 10/20/53 26.0 99 8/h/53 DL 185
27.9 179 0.30 sk { 10/21/53  33.0 79 o9 T | 9/2/s3 19.2 300
28.7 104 0.23 24 | 5/2u/shk %.8 72 0M8 35 4/13/5k *“.8 92 0.58 53
28 93 0.30 29 | 5/z6/sb 33.7 83 0.70 58 | L/15/5H 3.6 92 0.64 59

{Continued) (9 of 11 sheets)
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Table A3 {Cont inued)

Date  MC, © CI _RL RCI

Site 112, Grand Mesa, Colo.
L/19/5h 33,8 125 0,73 9N
L/22/54 29.8 106 C¢.78 8%
L/26/54 3L 99 0.62 81
5/10/5h 30.7 128 0.83 106
5/25/54 2€.3 139 ©0.92 128

Date

MC, & CI

R KT

Site 119, Delta, Colo.

3ite 11k, Lands End, Colo.

(/18/53 by w2

6/19/53 25.5 156

6/29/53 16.6 207

9/1k/53 17.4 300

10/26/53  33.( 103 O.74 76
10/27/53  32.8 125 0.7¢ 95
10/29/53  35.0 148 0.80 118
11/2/53 214 253

11/5/53 15.2 246

11/16/53  22.1 180 ,
L/12/sh W 124 04 (1
L/16/54 (.0 130 0.60 ¢
4/19/5. 20.8 200
L/23/sk 2.2 131 0.73 102
L/26/5k 20, s 0.67 97
5/6/5h 2. 110 0.5

5/2k /50 2L 207

5/31/54 23.0 I3

Site 219, lLands Fnd, Colo.
€/29/53 15,8 120

6/26/53 1.k 235

/g /sh 23.8 92 0.50 U6
L/12/54 L. 79 o.kg 39
L/1L/5h 21.6 108 o.,54 58
4/16/54 ah.6 97 0.59 ST
L/1g/ch 21.2 123 0.5¢ €9
L/23/54 21.0 106 0.60 6h
L /26/5k 1.3 128 0.67 86
5/3/54 2h,3 76 0.57 43
5/10/54 23.8 111 0.72 8

5/2k /sk 10.0 206
5/31/5k 15.3 280

Site 116, Lands End, Colo.
6/18/53 18.5 300

6/29/53 17.2 300
7/13/53 15.8 300
7/20/53 15.4  2h2
3/19/5h 25.2 245
3/22/54 2%.2 250
3/23/54 30.1 219
L/5/5u 26.: 258
k/a/5k 22,3 226
L/12/5h 22.8 246
L/1g/sks 354 17h
L/21/skv 32,6 201
L/23/5h 37.3 112
nj23/sky 1.2 20y

L /20 5k 27.0 199
L/3¢/54 27.h 207

7/24/53% 10.2 129 2.10 21
7/27/53* 114 210
8/3/53+ 9.k 270
8/2/53* 16.0 180
8/5/53% 12.9 184
8/5/53% 10.2 292
8/7/53 o 285
8/7/53+ 13.8 202
10/7/53" 7.3 248
10/9/53Y 1.5 267
10/13/53*  «.0 27

Site 120, Vicrsburg, Miss.

2/au/s5 25.2 210
3/1/55 23.9 235
3/8/55 23.1 253 0.80 202
3/15/55 22,0 285
3/22/55 2b.g 177 0.56 99
3/22/55 2L,0 220 0.65 13
3/29/55  22.5 202
L/11/55 26.1 175 0.38 €6
4/13/55 2.5 171 0.0 68
L/13/55 25.6 18 0.l 65
L/13/55 25.5 178 0.56 100
4/13/55 25,1 162 0.60 97
L/33/55 24,6 179 0.63 113

Site 123, Alexandria, la.

2/u/sh 21.3 115 0.76 87
2/11/54 22.1 137
2/18/54 214 167
2/26/54 22,0 17

3/l /54 2.0 W7
3/11/54 22.2 138
3/18/54 22.0 153
3/2L/5h 21.8 139
4/1/5h 23,3 148
L/2/54 23.0 136 0.54 73
4/8/5h 21.3 122

4/16/sh  26.0 b
L4 /23/54 21.5 114
4/29/54 23,k 112
5/6/54 23.2 8 0.67 55
5/13/54 2.8 100
5/20/5k 211 132
5/27/54 22,8 118
6/b/5k 19.3 217
6/8/5h 18.7 232
6/18/sk 164 262
6/2l/sh 13.7 300

Site 12k, Alexandria, la.

2/3/5k 28 119 0.22 26
2/11/5% 27.0 200
2/19/sk 25.8 240
2/26/5) 2k.9 300
3/8/5k 2.3 293
3/11/5k 26.3 286

Date _ MC, 9 _CI RT_ RCT

Site 125, Robbs, I1l.

u/22/55 30.1 os 0,70 45
4/26/55 30,6 81 0.80 €5
hf29/55 27.9 120 0.57 68
5/3/55 26.3 177 07 83
5/9/55 22.3 191

5/18/55 25.6 17 0.39 57
5/20/55 23.5 1%

2/20/56 32,3 64 0,50 32
2/27/56 31.0 68 0.32 22
3/8/56 30.7 99 0.39 3
3/14/56 2.7 76 0.36 27
3/16/56 31.4 104 0,38 ko
3/19/%6 30.6 8 oML 37
3/23/56 29.9 93 0.65 €0
3/30/5€ 27.2 120 0.5% 65
i/ 30,7 % 0.35 A
L/16/5¢ 33.4 66 0.3 24

5/11/56 264 b7 062 91
5/1€/56 2.7 132 0.8 112
5/24 /56 23.5 195 0.88 172
6/1/56 26.7 125 0.38 48

Site 126, Oxford, Miss.

5/5/5k 28.7 113 0.8 97
5/13/5h 31.2 107
3/16/55 35.0 117
3/21/55 30.2 95
3/23/55 30.0 121
3/25/55 26.8 96
5/19/55 25,2 300
6/29/55 22.2 300

5/5/54 2.8 174
5/13/54 2h.1 149
5/21/54 20.2 2u8
3/16/95 2h.2 178
3/21/55 25.6 149
3/23/55 20.0 178
3/25/55 21.2 162
5/19/55 23.0 300
6/29/55 21.L 205

Site 128, Oxford, Miss.

5/13/54 27.8 136
5/21/54 25,6 2Lg
3/16/55  25.8 163
3/21/55 27.6 118
3/23/55 32.0 127
3/25/55 28.6 141
5/19/55 13.6 300
6/29/55 17.7 266

Site 129, Redwood, Miss.

12/27/56  21.6 300+
1/7/57 26.4 265
1/18/57  23.9 296

. 3/1R/5k4 21.1 300
Site 117, Delta, Colo. 3;2,, /5h 23.9 300 ;ﬁ%? gg:; fgrg
7/2bf57¢  18.7 122 1.62 168 | L/3/SH 26.3 1% 2/25/57  27.2 255 0.59 150
/2753 1R.€ 173 l.21 209 | /8/5k 25.6 242 2/28/57  25.8 233
8/3fs3 1o 7B | W65k 2.3 168 319/51  25.3 266
S/5/33c 184 213 basssh A2 ey 3/27/57  2b. 277
A7/53¢  16.5 256 bjeg/su 263 132 Bj5T  23.9 265 0.63 167
10/7/53¢  13.1 238 1.23 293 | o/€/5 27.3 138 0.28 39 | und7sy b3 287
10/0/53 1.2 155 1.22 236 | S/13/5h 32.2 149 4/16/57 24.0 300+
10/12/53+ 202 200 c/20/sh 2.8 252 L/26/5T  22.6 300+
10/17/53- 18,0 203 5/f7/?“ 5.7 9% 5/23/57 16.4 300+
17/21/53¢ 19,4 196 f/é/?;: g"g 300 6/1/51 23.5 289
n/azfoan 2h.z 153 /815 (Ci;ltngg) 7/9/51 22.8 300+

Treilt roreter test (artificial rainfall)

(10 of 11 sheets)
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—Date MG, ¥ CT " RI RCT [ " Date ¥C, ¢ CI ~ FI  RCI —Date MC, T CT ¢ BT ORCT
3ite 130, kedwood, Miss. Site 133, Onward, Miss. (Cont'd) Site 150, Miles city, Mont. (ront'd)
1/% 57 21.7 235 W/2/57 29.2 75 G.71 3 4/30/54 16.32 252
/9,7 23.3 195 L/o/57 29.0 112 0,81 9 5/1h /5h 15.3 279
1/18/57 21,7 300+ 4/23/57 2.4 87 0.8 77 9 /24 /54 1.8 300
1/25/57 5.5 174 5/8/57 2.9 125 €/11/54 184 300
1/31/57 26,4 231 5/24/57 26.2 138 0.70 7 ( /20/54 27.9 151
2/15/57 22,2 28 5/2¢/57 26,7 W& 0.7 129 T/1/5% 19.7 160
2/25/57 25.3 209 0.52 109 | 6/14/57 27.0 157 C.85 133 7/7/5% a5.h 22(
3/1/57 25.5 195 7/9/57 25,0 20%  0.7h 150 7/9/5k 16.5 193
3/19/57 25,3 231 7/18/57 19.5 300+ 7/1h/5k 17.8 221
3/27/57 23.9 257 0.47 121 | 7/2¢/57 23.0 2Lk 7/1¢/54 17.6 195
h/L/57 26.7 185 0.h5 83 7/21/5k4 14,3 229
L/9/57 2.2 237 0.6 15€ Site 134, Onward, 1153, /23/5k 17.1 180
4 716/57 23.4 270
W/23/57 22.1 273 12/21/5¢  51.9 W Site 151, Miles City, Mont.
5/10/57  19.8 280 1/8/57 L1z o2 1.0 7
5/23/57 17.5 287 1/18/57 L3.3 5 1.3 170 L/8/5k 25.1 19k
5/20/57 20.4 288 1/25/57 50,3 % u/10/54 25.5 18
. /s 23.9 2kl C.57 137 1/31/97 k7.5 4 1,00 3 L/30/54 23.4 222
' 7/12/57 18.5 28 2/14/57 48,1 8 1.1 101 5/ /34 20.2 300
2/21/57 L7.5 83 1.h <5 €/22/5k4 27.1 177
Site 131, Valley Fark, Miss. 3/13/57 5,3 80 £/28/54 27.h 129
4/10/57 kr.s 82 o001 75 €/30/54 2k,5 194
12/21/56  21.1 300+ L/18/57 1.5 8 n.90 79 7/9/5k4 20.4 300
1/9/57 19.9 264 Ljes/57  BL.O0 % 0,98 97
1/18/57 0.7 300+ 5/16/57 4.8 106 1,07 111 Site 152, Miles City, Mont.
1/25/% 22.9 209 7/32/57 35.3 207  0.70 1kS
1/31,57 23.6 209 0.82 171 | 7/16/57 28.7 23 1.3 26k 4/19/54 17.5 21
2/25/57 28.6 99 0.9 48 | 8/1/57 29.6 287 L/30/54 5.1 251
3/1/57 27.1 117 5/14/5N 11.5 300
3/1¢/57 26.5 139 Site 135, Eagle Lake,Miss. 5/28/5k4 25,k 126 0.70 8%
3/27/57 27.£ 126 0.73 92 ¢ /30/54 2k.0 140 0.60 B
‘ Lf2/57 20.7 11 0.58 66 | 12/28/56¢  37.8 163 7/7/54 18.9 219
: L/9/57 25,2 6 0.71 104 | 1/7/57 364105 2.7h 183 7/9 /54 16. 280
! 4/16/57 4.7 170 0.82 139 | 1/18/57 38.5 127 0.95 108 7/1. /54 1.6 28
L/23/57 26.0 12 0.77 109 | 1/25/57 39.4 106 7/ /54 13.1 30C
3 5/8/57 24,2 156 1/31/57 k1.1 96 0.93 & 7/21/5h 11.5 293
s/ek/sT 26.2 158 0.62 98 | 2/14/57 38.8 148 1.00 148
r 5/29/57 25.5 158 0.73 115 2/27/57 39.5 107 0.9 101 Site 153, Rockford, Wash.
. 6/1/57 24,8 188 0.71 119 | 3/5/57 37.1 123
7/9/57 23,3 217 0.81 176 | L4/10/57 38.8 120 0.91 100 3/12/54 33.1 il
7/19/57 18.2 2% L/18/57 37.0 109 1.05 11k hf2/sh 29.2 60 o0.24 14
7/2€/57 23.2 234 0.79 18 | u/z5/57 35.9 110 0.97 107 L/16/54 28.2 63 0.38 24
- 5/22/57 31.8 178 0.8c 1k2 L /30/5k4 27.1 83 o0.M8 ko
Site 132, Valley Park, Miss. 6/19/57 29.8 231 5/1h /54 24.1 100 0.60 60
7/10/57 31.2 178 5/20/54 22,1 118 0.90 X
12/27/56 k. 98 7/16/57 27.4 243 6/2/54 28.0 8 o1 35
1/8/57 L4.8 119 1.11 132
) 1/18/s7 Ls.h 120 1.07 138 Site 136, Eagle lake, Miss. Site 155, Rockford, Wash.
: 1/es/51 W7 A <d
2/4/51 Lk,9 107 0.86 92 | 12/28/56 27.9 1M 3/22/54 36.3 149 0.22 33
, 2/15/57 45.5 123 0.98 120 | 1/7/57 29.5 124 0.91 113 h/13/54 31.5 195 0.26 51
.\ - 2/21/57 k7.5 8 1.00 & | 1/18/s7 27.9 131 h/23/54 33.5 231 0.39 90
o 3/8/57 ¥6.5 115 1/25/57 26,8 126 L/28/54 33.7 214 0.32 €8
L/12/57 47.6 87 1.02 89 | 1/31/57 31.9 139 0.75 104 5/5{5& 2.0 238 0.76 181
L/26/57 45.5 92 0.98 90 | 2/1k/57 29.7 13 0.83 19 5/14/54 28.1 253 0.56 12
. 5/23/51 35.8 185 1.05 194 | 2/26/57 30.7 118 0.86 w02 5/20/54 28.3 257 1.05 270
< 6/19/57 k1.9 102 3/4/57 29.3 138 6/2/5h 28.1 276 0.97 262
7/12/57 41.6 140 1.01 14l 3/19/57 30.3 129 6/9/54 24,9 284
{ 7/19/57  36.9 169 L/2/57 30.7 120 ©.78 9u
: { 4/10/57 29.5 128 0.76 97 Site 156, Rockford, Wash.
, Site 133, Onward, Miss. L/18/57 27.7 151 0.87 131
] L/25/57  27.1 157 0.78 123 3/22/54 6.9 8 049 30
’ 12/26/56  27.2 160 5/9/57 26.6 178 0.79 141 L/1/5h 35.1 104 0.73 76
1/8/57 21.5 228 5/22/57 25.6 18 0.83 153 h/1h/5h 354 95 0.3 60
3 1/18/57 22,7 213 6/19/57 23,5 212 0.95 201 L /27/5h 32,7 126 0.63 179
. 1/25/57 23.h 221 7/10/57 25.7 172 0.82 5/1b /54 Wy 72 0.25 18
. 1/31/57 27.5 11 0.72 101 | 7/18/57 21.0 252 5/34 /54 9.0 171 0.93 115G
N 2/15/57 28,6 9 0.92 8 | 8/1/57 17.6 298 5/20/54 2,3 220
N 2/26/57 27.8 9 0.73 69 6/2/5k 4.8 170
N 3/6/57 27.6 113 Site 150, Miles City, Mont. 6/9/5h4 25,0 157 0.90 11
) 3/21/s7 9.2 91 0.72 65
4/319/54 18.4 236
(11 of 11 sheets)
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APPENDIX B: SOIL STRENGTH MEASURES
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1. 1Included in ihls appendix are Lrie

v

used and procedures¥* followed in measuring cone index (¢1I), remolding indsx
(RT), and rating cone index (RCI) for this study.

Cone Index

Equipment

2. CI was neasured with a 0.5~sg-in. cone penetrometer, the prin-
cipal instrument used to evaluate soil trafficability at the WES. The in-
strament consists of a 30-deg right circular cone having a basal area of
0.5 sq in. mounted on one end of a 5/8-in.-diam staff; mounted on the oppo-
site end are a proving ring with micrometer dial gage and a handle. When
the cone is forced into the ground, the proving ring is deformed in propor-
tion to the force applied. Twice the amount of force in pounds required to
move the cone slowly through a given plane is indicated on the dial. The
dimensicus of a dial veading (pounds per square inch) are generally disre-
garded, and the reading is considered to be only an index of shearing re-
sistance. The range of readings for a 0.5-sq-in. cone penetrometer is from
0 to 300. A disassembled cone penetrometer is shown in fig. Bl.

Use of equipment

3. 1In use, the palm of one hand was placed directly over the handlie
of the peretrometer and the other palm was placed over the back of the
first hand as shown in fig. B2a. 'This type of grip permitted a uniform ané
well-controlled force on the handle. The cone was then slowly pushed into
the soil until its base was flush with the soil surface. At that point the
movement of the cone was momentarily halted and the force released. The
force on the handle was then reapplied slowly and uiuiformly until the cone
began to move again; a dial reading made at that instant was the surface
cone irdex. CI readings for any given depth were made similarly, i.e., by

pushing the come to the desired deptu, releasing the Torce on the handle

* At the time of this stud,, the procedures described herein were standard;
they vere subsequently modified.

Bl



Fig. Bl.

Cone peretrometer (disassembled)

B2

A-1093




y3duaIas Tros Sutansesw ul possn juswdindy -zg 3T

quaudnbs Jurpiowsy °o JoTdures AYTTTIYBROTIIRIL °Q Iajouioryasuad suo) B

,.n-._..
g R A RN
.m’w.l.x.. g T

B3




B s e -

monentarily, reapplying the force, and reading the dial just as the cone
began to penetrate again.

4. In obtaining CI data for a site during a given visit several pen-
etrations were made with readings being teken at the surface and at 3-in.
intervals from the surface to the 18-in. depth or until the soil became too
firm to penetrate. For a given penetration, the first depth at which a
reading greater than 300 was epcountered was assigned a value of 300; if
further penetration could not be made, lower depths were generally assigned
values of 300+.

Computations

5. To compute the 6~ to 12-in. CI for a visit at a site the CI read-
ings for the 6-, 9-, and 12-in. depths were first averaged by depth. The
average 6-, 9-, and 12-in. depth CI's were then averaged to obtain the aver-
age CI of the 6- to 12-in. layer for the site.

6. Procedures for treating 300 and 300+ readings in the averaging
process were as follows. If two-thirds or more of the readings for a given
depth were 300 or 300+, the depth was assigned a value of 300+. 1If all
three depths were assigned 300+ values, the 6- to 12-in. layer for that
site and visit was also assigned a value of 300+. Otherwise, 300+ readings
were assumed to be 300 for aversging purposes. It can readily be noted
that a site average CI based on readings of which one or more were 300+
was, in practicclly all cases, lower than the actual average CI that existed

at the time of nmeasurement.

Remolding Index

Equipment
7. Taree pieces of equipment were used in making a RI test: (a) a

trafficability sampler, (b) a remolding set, and (c) a cone pu.netrometer.
8. The trafficability sampier is a pis*on~type soil sampler designed
for obtaining relatively undisturbed samples from comparatively soft soils.
Samples approximately 2 in. in diameter and 7 in. in length were used for
making remolding tests (samples cut to specified lengths were also used in

making density and gravimetric moisture determinations). The primary

BY

@ mm———




purpose of the piston is to maintain a partial vacuum above the sample;
this helps prevent compression of the sample as the sampler cylinder is
forced into the scil and helps prevent the loss of the sample as the cylin-
der is removed from the soil. 1Its secondary purvose is to force the sample
frem the sampler cylinder. A trafficability sampler, disassembled, is
shown in fig. B3. .

Fig. B3. Trafficability sampler (disassembled}
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A remolding set censists of a cylinder mounted vertically on a

9.

base and a 2.5-1b drop hammer that iz free to travel 12 in. on u shaft

fitted with a

cular foot on one end and a handle on the other end. The

cir

ty sampler cyl-

icabili

cylinder diameter is the same as that of the trar?

. Bh.

ig

f

shown in

18
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16. Either a 0.2-sg-in. or a 0.5-sg-in. basel area cone penetrometer
is used in making a remolding test. The 0.2-sq-in. penetrometer is similar
in construction to the 0.5-sq-in. penetrometer except that the shaft and
cone are smaller. Five times the amount of force in pounds required to
move the cone slowly through a given plane is indicated on the dial; there-
fore, the dimensions of a dial reading are the same for both penetroreters,
i.e. pounds per square inch (see paragraph 2). The range of readings for a
0.2-sq-in. cone penetrometer is from O to 750.

Use of equipment
11. In making a remolding test, a sample was obtained from the 6- to

i2-in, soil layer and ejected directly into the remolding cylinder. The
sample was then pushed to the base of the cylinder with the drop-hammer
foot. CI readings were taken av l-in. intervals from the sample surface
to the 4-in. depth. The sample was then remolded and CI readings were
made at the same depths as prior to remolding.

12. For fine-grained soils the 0.5-sg-in. cone penetrometer was
used, and remolding of the sample was acccmplished by applying 100 blows
with the drop hammer (fig. B2c). For sands with fines, poorly drained, the
0.2-sg-in. cone penetrometer was used, and remolding of the sample was ac-
complished by dropping it (along with the cylinder and base) 25 times frcm
a height of 6 in. onto a firm surface.

13. In making a penetration, either before or after remolding, the
first depth that was stronger than the capacity of the penetrometer and all
succeeding depthe were assigned values of 300+ (for the 0.5-sg-in. pene-
trometer) or 750+ (for the 0.2-sq-in. penetrometer). A test was considered
valid unless readings both before and after remolding at the l-in. depth
were 300+ or 750+,

Computations

4. The 6~ to 12-in. RI for a visit at a site was compuied as fol-
lows. TFor each sample the sum of the CI readings after remolding was di- -
vided by the sum of the CI readings before vemolding, the guotient being
the RI of tha sample. Tha Ri's of all tests were then averaged to obtain
the average RI for a visit.

15. In summing CI readings before and after remoiding, only
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corresponding depth values were included. A 300+ (or 750+) value was used
providing that its corresponding before or after depth value was less than
300 (or 750); a 300+ (or 750+) value was not used if 1ts corresponding be-
fore or after depth value was alss 300+ (or 750+). In summing, 300+ {or
750+) readings were treated as being 300 (or 750). As opposed to CI, there
is no indication that consistent errors in RI resulted from the prescribed
treatment of 300+ (or 750+) values in the averaging process (see para-
graph 5).

16. The RI has been referred to in this report as well as others as
a measure of soll strength. In actuality, the RI is a ratio of strengths

(CI's) and is, therefore, nondimensional.

Rating Cone Index

17. The average RCI for a visit at a site is the product of the av-
erage CI and average RI. It is accepted as an index of the shearing re-
sistance of the soil after it has been subjected to 40-50 passes of a

vehicle.




